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CHURCH CREEK WATERSHED

An illustration of the application of microcomputers for
estimating the effects of land use changes on nutrient
and pollutant loading.
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EXECUTTVE SUMMARY

Land use planners must channel demands for land use within a water-
shed so that a proper balance can be maintained between an individual's
right to dewvelop his land versus society's obligation to preserve the
environment for future generations. This report discusses one approach
that land planners may wish to use to help them achieve a reasonable
distribution of land use.

A camputer program, WATER SCREEN, has been written for the Apple IT
microcamputer. This program can be used by land use planners to estimate
the amounts of sediment, nitrogen, phosphorous, BOD, lead, and zinc that
are prodﬁced by various land use patterns within a watershed. Both a
modified universal soil loss equation and a loading factor method are
used in the program to estimate nutrient and pollutant loadings.

The 1200 acre Church Creek watershed was analyzed with the WATER
SCREEN program. A comparison of the Modified Universal Soil Loss Equa-
tion approach to the loading factor method for forest and agricultural
land use did not give good agreement on estimated loadings. This is
attributed to the simplified method of relating nutrient and pollutant
loadings to sediment loadings used with the Modified Universal Soil Loss
Equation approach.

The loading factor method was used to arrive at estimated loadings
from the Church Creek watershed for the following development pattexns:
all forest predevelopment, 1974 land utilization, 1981 land utilization,
and a hypothetical develcpment pattern for study purposes based on the

present general development plan map (GDP). Between 1974 and 1981 there



has been a small decrease in sediment loading from the watershed due
to a change in farming practices from conventional to minimm tillage.
Total nitrogen and total phosphorous loadings have remained unchanged,
while biochemical oxygen demand (BOD), lead, and zin¢ have increased
25% because of increased commercial and high density residential land
use.

By taking the ratio of locadings produced by the 1981 land util=-
ization pattern to the loadings produced assuming the watershed was
originally covered with forest, it was estimated that by 1981 yearly
sediment loadings had increased by a factor of 10, total nitrogen by
2, total phosphorous by 7, BOD by 4.5, lead by 60, and zinc by 40. If
the watershed were to develop without any controls as hypothesized then
all of these loading ratios would double. These estimates are probably
conservative because they do not account for nutrient and pollutant
loadings that occur during road and building oconstruction. A rough
estimate of the lead loading produced by vehicle traffic within the
Church Creek watershed indicates that this may be a significant source
of pollution within the watershed.

At the present time scientific knowledge does not allow a defin-
itive statement as to the effect of the estimated loadings on the water
quality of Church Creek. However, a method is suggested for using
pollutant loading ratios based on the model results and correlated
with desired estuarine health as a guideline for planning land use

within a watershed.

vii



It is suggested that additional monitoring of single use sub-
watersheds be undertaken by appropriate agencies. Also the effect
of best management practices on impervious areas needs further study.
Iocal jurisdictions should consider use of WATER SCREEN for the eval-
uvation of watersheds under heavy development pressure. The contribu-
tion of wvehicle traffic to mutrient and pollutant loadings in small

watersheds should be investigated.
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I. INTRODUCTION
To understand the sources of excess nutrients and pollutants that
enter a stream or tidal tributary it is necessary to look at all inputs:
point source, non-point source, and atmospheric. Unfortunately, a
thorough environmental analysis requires extensive spatial and temporal
monitoring in order to adequately characterize inputs, dynamics, and
sinks of the primary nutrients and pollutants. Add to this the variety
and mumber of physical, chemical, and biological variables involved and
one can then appreciate the difficulty that water quality managers face
when, with limited funds and personnel, they are charged with the respon-
sibility of protecting the water quality of a stream or tidal tributary.
Land use planners must channel demands for land use within a water-
shed so that a proper balance can be maintained between an individual's
right to develop his land versus society's obligation to preserve the
envirorment for future generations. This report discusses one approach
that land planners may wish to use to help them achieve a reasonable
distribution of land use.
The objectives of this work were the following:
1. Develop a computer program, WATER SCREEN, suitable for
use with a microcamputer, that utilizes currently available
algoritims for the calculation of sediment, nutriéét, and
pollutant loadings as a function of land use.
2. TIllustrate the use of this computer program by applica-
tion to the Church Creek watershed for 1974 and 1981 land

use patterns. Compare these results with those obtained



assuming the watershed was all forest and with hypothetical
land use for the watershed based on the 1978 General Develcp-
ment Plan.

In addition, some approximate calculations are given for estimating
the flushing time of Church Creek. The question of how much nutrient
and pollutant loading Church Creek can absorb without degradation in
water quality is also discussed.

This report is divided into five sections. The first section is
a discussion of the range of camputer models available that deal with
pollutant loadings and where the program WATER SCREEN fits within this
framework. The second section discusses the algorithms used in WATER
SCREEN. The third section illustrates the application of WATER SCREEN
to the Church Creek watershed. The land use patterns for the watershed
are presented and the parameter values chosen for use in WATER SCREEN
are listed. The loadings are given for sediment, total nitrogen, total
phosphorous, BOD, lead, and zinc for the four land use patterns: all
forest, 1974 land use, 1981 land use, and hypothetical land use based
on the General Development Plan (GDP). The fourth section discusses
calculations of flushing time and the impact of nutrient and pollutant
loadings on Church Creek. The final section gives a summary of the
findings for the Church Creek watershed and suggestions for further
work. Technical details for using WATER SCREEN are given in Appendix

A, while a camplete listing of WATER SCREEN is given in Appendix B.



II. WATERSHED COMPUTER MODELS

Because of the high cost of carrying out sufficient spatial and
temporal sampling to adequately characterize even a small watershed,
other alternatives have been sought. A great deal of effort has been
devoted to the develoi:ment of detailed computer models that can be used
to similate the water, nutrient, and éoilutant transport within a water-
shed. These detailed models include processes with short time scales
so that the hydrology can foilow effects of a singie storm event or
follow variations in 'daily rainfall. The models then relate sediment,
nutrient, and pollutant transport to the hydrologic simulation.t™

The mathematical equations used in these detailed models to de-
scribe the individual processes occurring within the natural system
contain mumerical coefficients that must be determined by comparing
the model calculations with at least three years of watershed data.
Once these coefficienﬁ are determined two additional years of data
are needed to verify that the predictions of the model agree with

8 Thus a minimm of five years of watershed data is

measured values.
needed to develop a detailed model that would be considered reliable.

The develcpment of a detailed model is expensive. Most models
that are now available have been developed primarily with federal
support.l These detailed models also need computers that are large
enough to handle the computational and memory i:equ:i.rements. This re-
quires access to a main frame camputer and personnel with the required
technical background to run the model.

Because most local agencies do not have the resources required

for proper application of the detailed models, a further simplification



has been made. Watersheds with sufficient data to calibrate and verify
a model are used to generate average loading factors for nutrients and
pollutants and for different land uses, 911 A loading factor gives the
average amount of pollutant produced by a given land use in terms of
pounds per acre per year. If the watershed fram which the loading
factors are derived is similar to the watershed of local interest,
then an estimate of nutrient and pollutant loadings can be made once
the land use patterns of the local watershed are determined. This is
one of the approaches used in WATER SCREEN.
An alternative method for estimating nutrient and pollutant load-

ings is based on the Modified Universal Soil Ioss Equation (MUSIE).
The USLE was developed by soil scientists to estimate soil loss from
agricultural fields. It was later modified by the addition of a sedi-

ment delivery factor so‘ that the amount of soil that reaches a natural
| water body can be estimated. Nutrient and pollutant loadings can be

related to the amount of delivered sediment.l2 14

This approach is
also used in WATER SCREEN to allow camparison with the loading factor
method for forest and agricultural land use.

The modeling methods discussed here avoid the high cost of
adequate spatial and temporal sampling of a large number of physical,
chemical, and biological variables. As a result all of these methods
produce estimates of pollutant loadings. In addition, the simplified
approaches work with spatially and temporally averaged quantities.
Hence one can not expect these less costly approaches to predict the

exact value of any one particular measurement. However, they can give

some insight into what effect land use changes will have and perhaps



indicate areas of concern that should be investigated in greater detail.
Scame may be tempted to arque that instead of spending time and

noney‘ on estimatés of pollutant loadings produced in a watershed one
could better utilize resources by measuring a few selected variables.

We suggest that because of the spatial and temporal distributions of
the system the results of a few measurements can produce as much, if
not more, uncertainty in average values as that obtained from calculated
estimates. There is no simple solution. Perhaps the use of sirrplifiec_‘l
model est.unates to indicate selected measurements that should be taken
is the most realistic approach for water quality managers with funding

and personnel limitations.



III. WATER SCREEN

The computer program WATER SCREEN uses input parameters provided
by the operator to calculate nutrient and pollutant loadings fram a
watershed. In the following sections personnel requirements, computer
hardware, program logic, and loading equations for this program are
described. Details for running the program are given in Appendix A
and the program is listed in Appendix B.

Personnel Requirements

A person with minimum computer experience can run WATER SCREEN.

A person who has run same commercially available programs on a micro-
computer should have no difficulty. A knowledge of BASIC is not re-
quired; however, some acquaintance with BASIC on the level of Apple IT
User's Guide, by Poole, would allow the operator to take full advantage
of the logical structure and data file generating capabilities of the
program. The user need not be an expert in hydrology or ecology, but
he/she should become familiar with the material covered in references

9 and 12. |

Machine Requirements

WATER SCREEN has been written and run on an Apple II microcomputer
system with 48K of memory. The system consists of a single disk drive
and a NEC PC-8023A printe.f connected to the Apple IT using the Orange
Micro Grappler interface. As written, for six subwatersheds, the pro-
gram without REMARK statements occupies 29K of mEmory . It is estimated
that a watershed with up to 20 subwatersheds could be run before one
would run out of memory on a 48K machine. If more subwétersheds were

needed, the watershed could be separated into smaller sections and then



each section evaluated using the program. While the program is written
in Applesoft BASIC it could readily be modified for use on other machines
using the appropriate translations. The printer commands are listed in
separate subroutines and can be easily modified for other printers if
needed. Modifications of the file commands used to store input data on
disk would require the most effort.

Program Iogic

WATER SCREEN can easily be modified to accommodate changes that may
be proposed to the algorithms now used or to incorporate new algorithms.
The program consists of three major sections: (1) data file creating,
reading, and editing; (2) calculation of pollutant and nutrient loading
using the modified universal soii loss equation (MUSLE) and algorithms
described by Zison et a112 for nitrogen, phosphorous and organic matter;
(3) calculation of nutrient and pollutant loading using loading factors
developed by the Northern Virginia Planning District Camission (NVPDC)
in their extensive study of the Occoquan River Basin.9

The data file part of the program asks the user to input factors
for the MUSLE and for soil and rainfall information needed to calculate
nitrogen, phosphorous,' and organic loadings. Ioading factors for various
categories of land use must also be input to the program. Much of this
information is requested by subwatershed so that variations within the
watershed can be accammodated.

For the Church Creek watershed with six subwatersheds it takes
about twenty minutes to input all the required data. The program stores

this data on a disk file where it can later be recalled and edited if



desired. The run time of the program depends upon the number of sub-
watersheds selected and the speed of the printer. The printout of the
results from the Church Creek watershed takes about twenty minutes
using an eighty characters per second printer. Subtotals and totals
are printed by subwatershed, land use, and pollutant type.

The file editing feature makes it possible to quickly see the
sensitivity of the calculation to changes in the value of a parameter,
such as slope or locading factor, by running the program, using the
editing feature to change the desired parameter, and then rerunning
the program.

Algorithms Used in WATER SCREEN

A. Modified Universal Soil Ioss Equation

Agricultural and soil scientists have been concerned for decades
with the problem of controlling soil loss from farm land. The universal
soil loss equation was developed to estimate soil loss from a field and
to predict the effects of crop rotation, management practices, etc.1?

The USLE has the form:

Y(S)E = A*R*K°L*S*C*P
where
Y(S)E = soil loss due to surface erosion (tons/year)
A = area of field (acres)
R = rainfall factor, indicates the erosion potential
of average annual rainfall (R unit)
K = soil-erodibility factor (tons/acre/R unit)
L = slope-length factor (dimensionless ratio)

S = slope-steepness factor (dimensionless ratio)
C = cover factor (dimensionless ratio)

P = erosion control practices factor (dimensionless ratio)



The U. S. Department of Agriculture has carried out extensive
experimental studies on fields located throughout the United States.
From these studies accepted values for the factors in the USLE have
been tabulated. Iocal values are obtainable from handbooks published

by the Soil Conservation Service.l6

As has been pointed out by various
authors, the USLE only predicts the soil lost from a field. It does
not estimate the actual amount of soil that is delivered to a stream
channel. In order to estimate this an additional factor, the sediment
delivery ratio, is needed.l’

To estimate the amount of soil delivered to a stream the modified

uniyersal soil loss equation (MUSLE) is used. The MUSLE has the form:

Y(S) =Y(S) s
D E D
where
Y('S)D = soil delivered to stream channel (tons/year)
Y(S)E = goil lost from field (tons/year)
SD = sediment delivery ratio (dimensionless ratio)

The sediment delivery ratio is probably the most difficult factor in
the MUSLE to estimate with any degree of reliability. Its value in
different wateréheds has been obtained by observing the silting rate
of dams. Obtained this way it accounts not only for field losses but
also all other erosion processes, such as stream chamnel erosion, which
are not accounted for by the USIE.

It is generally accepted that the soil lost from an individual
field can be reliably estimated using appropriate local values for

the factors in the USLE. 'However, it is quite another matter to



reliably estimate the sediment loading from a watershed composed of
many fields with varying slopes, ground cover, distance from stream
channel, etc. For example, it ig not clear how to handle fields with
concave slopes. Soil lost from one part of a field may redeposit in
another part of the same field or in armother part of the watershed.18

The MUSIE has been applied primarily to agricultural and forest
land although some work has been done to extend it to residential land
use. In this report the MUSLE will only be applied to forest and agri-
cultural land use.
B. Nitrogen Ioading Function

zZison et al.l? point out that the movement of nitrogen campounds
within an ecosystem is complex and still not thoroughly understood.
For an estimate of the amount of total nitrogen produced by runoff and

erosion, excluding leaching losses, they suggest the following expression:

Yow) = £ YN + YO0,
where
Y(Na) = total available nitrogen (lbs/year)
£ = ratio of available to total nitrogen
N in sediment (dimensionless)
Y(NT)E = total nitrogen lcading from erosion (lbs/year)
Y(N) =

stream nitrogen loading from precipitation
Pr  (lbs/year)

10



Y(NI‘)E is found from the expression:

Y(I\]'I')E 20 Y(S)D CS(NT) rN .

where

Y(S)D soil delivered to stream channel (tons/year)

’CS (NT) = total nitrogen concentration in soil (g/100g)

r

N nitrogen enrichment ratio

The factor of 20 takes into account the units used in this equation.

Y(N) pr is found from the expression:

_ 5 Q(OR)

Y (N) N
Pr Q(pr) Pr
where -
A = area (acres)
Q(OR) = overland flow from precipitation (in/year)

Q(Pr) = total amount of precipitation (in/year)

NP = nitrogen loading in precipitation (lb/acre/year)
r :
b = attenuation factor

Zison et al.:L2 discuss the methods of evaluation of the parameters in

the nitrogen loading function.

C. Phosphorous Loading Function
A great deal of confusion still exists about the proper terms for
describing the various physical and chemical states of phosphorous.
There is alsb same disagreement about the effectiveness of chemical .

extraction procedures to selectively remove a particular phosphate

11



form from soils.l9 Because of these uncertainties the values of the

parameters used in the loading function for phosphorous are only rough

12

approximations. Zison et al. suggest that based on the soil erosion

transport mechanism the loading function for phosphorous should have

the form:
Y = - . . .
(PA) = 20 fP Y(S)D CS (PT) rP
where
Y(PA) = loading of available phosphorous (lbs/year)
£ = ratio of available phosphorous to total phosphorous
P (dimensionless)
Y (S) = soil delivered to stream channel (tons/year)
b _
Cq (PT) = total phosphorous concentration in soil (g/100g)
rP = phosphorous enrichment ratio

zZison et al.l? discuss the methods for determining the parameters in

the phosphorous loading function.

D. Organic Matter Loading Function

Zison et al.l? also suggest a loading function for orga'nic matter

of the fomm:
Y(OM)E = 20'CS(CM) 'Y(S)D‘rOM
where
Y(OM)E = organic loading (lbs/year)
CS (M) = organic matter concentration in soil (g/100g)
Y(S)D = soll delivered to stream channel (tons/year)
rOM = enrichment ratio for organic matter in eroded sc_>il

Procedures for determining the values of the parameters in the organic

loading function are given by Zison et a1.1?

12



E. Ioading Factors
During the last seven years field and detailed modeling studies
of non-point pollution from small watersheds with one predominant land
use have been funded by the Water Resources Planning Board, Washington
Council of Govermments, and by the Environmental Protection Agency
Chesapeake Bay Program. The modeling studies were carried out by the
Northern Virginia Planning District Commission (NVPDC). The earlier
watershed studies on the Occoquan River Basin were done by personnel
from the Civil Engineering Department, Virginia Polytechnic Institute.
later watershed measurements were done in the Ware River Basin (socuth-
eastern Virginia), Pequea Creek Basin (Lancaster, Pemnsylvania), Patuxent
River Basin (western shore of Chesapeake Bay), and Chester River Basin
(eastern shore of Chesapeake Bay). These measurements were done by
groups from Virginia Institute of Marine Science, U. S. Geological
Survey, and State of Maryland, respectively.20-23
As a result of this work non-point pollution loading factors have

been generated which can be used to estimate loadings produced in a

watershed by using the equation:
N
Y(X) = igl F, () A

where
Y(X) = loading of pollutant X (lbs/year)

F, (X) = loading factor for pollutant X
1 and land use i (lbs/acre/year)
A = area of land use i (acres)

i
In this report we have used the loading factors given in reference 9.

A recalibration of these factors has recently been reported.ll

13
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IV. CHURCH CREEK WATERSHED
Introduction

A small watershed was selected to demonstrate the application of
the WATER SCREEN pfogram. In this section we describe the Church Creek
watershed, land use patterns of this watershed in 1974, 1981, and a
hypothetical development pattern based on the General Development Plan
(GDP), and the choice of input parameters for WATER SCREEN. We then
campare the results of the modified universal soil loss equation (MUSLE)
method with thé loading factor approach for forest and agricultural land
use, and discuss the estimated loadings for all forest, 1974, 1981, and
GDP land use patterns.
Description

Church Creek is located just south of Amnapolis, Maryland. It is a
mile-long tidal tributary of South River, which is a subestuary of the
Cﬂlesa;peake Bay. (See Figure l1l.) The watershed has an area of 1200 acres.
The soil type within the watershed is preddninately Monmouth loamy sand

with same Collington fine sandy loam.?>

Typical land slopes are in the
0 to 10% range with the higher slopes on land close to the shores of the
creek.

For purposes of analysis the watershed was divided into six sub~
watersheds based on water drainage patterns. These sub-watersheds are
indicated in Figure 2. The land use patterns that existed in 1974 and
1981 are shown in Figures 4 and 5, using the color code shown in Figure 3.
A hypothetical land use pattern based under the present General Develop—

ment Plan is shown in Figure 6. It should be amphasized that this

14
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Figure 2 :
Church Creek Subwatersheds
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projected land use is not possible because of existing development
patterns and regulatory controls. It is presented as an extreme to
which present land use can be compared. Tabulated values for 1974,
1981, and GDP land use areas are given in Tables 1, 2 and 3. The
land use'classifications used in this report are forest, pasture,
hayfield, conventional tillage crop, minimum tillage crop, idle, low
density residential (% - 1 dwelling unit [DU] per acre), low/medium
density (2 - 5 DU/acre), medium density (5-10 DU/acre), and high
density (greatér than 10 DU/acre). In these tables the mumbers in
parentheses are the percentages of subwatershed area for that par-
ticular land use.

Commercial areas are located primarily in subwatersheds 3 and 4,
These are shopping centers or office buildings. There is no heavy in-
dustrial land use within the watershed. Agricultural land lies primar-
ily in subwatersheds 1, 2 and 6. Camparison of 1974 with 1981 land use
indicates an increase of cammercial land by 25% and a decrease in con-
ventional tillage land by 88%, largely due to changes in farming
practice, from conventional to minimm tillage.

These land use maps are based on analysis of aerial photographs
on file at Anne Arundel County Office of Planning and Zoning for 1970,
1977, and 1980. Using County maps for 1970 and 1977, changes within
this time period were noted. Dates of development were determined
through tax maps, development files in the Office of Planning and
Zoning, and through interviews with long-time residents. This process
provided the necessary information to create a land use map for 1974

at a scale of 1:4800.
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Conventional Minimum

SW Forest Pasture Hayfield Crop Tillage Idle
1 75.1*(38.5)** 11. (5.6) 14.8 (7.6) 43.8 (22.5) - 13.8 (7.1)
2 73.1 (40.2) - 14.8 (8.1) 31.1 (17.1) - 5.2 (2.9)
3 152.2 (39.1) 9.2(2.4) 17.8 (4.6) - - 46.3 (11.9)
4 48.0 (29.9) 1.7 (1.0) 12.5 (7.8) 4.0 (2.5) ‘ 7.4 (4.6)
5 71.2 (37.8) 6.6 (3.5) 10.5 (5.6) 10.2 (5.4) 45.4 (24.1)
6 1.8 (2.2) - 5.9 (7.4) 11.2 (14.0) - -

TOTAL  421.4 (35.3)  28.5 (2.4) 76.3 (6.4) 100.3 (8.4) - 118.1 (9.9)

Low/
Low Medium Medium High
Residential Density Commercial TOTAL

1 34.4 (17.6) 2.2 (1.1) - - - 195.1 (16.3)
2 40.5 (22.2) 11.7 (6.4) - - 5.5 (3.0) 181.9 (15.2)
3 11.6 (3.0) 31.3 (8.0) 7.8 (2.0) 1.4 (.4) ~ 111.4 (28.6) 389.0 (32.5)
4 11.7 (7.3) 22.2 (13.8) 36.7(22.8) 14.2 (8.8) 2.2 (1.4) 160.6 (13.4)
5 5.8 (3.1) 4 (5.0) - 28.9 (15.4) - 188.0 (15.7)
6 61.1 (76.4) - - - - 80.0 (6.7)

TOTAL 165.1 (13.8) 76.8 (6.4) 44.5 (3.7) 44.5 (3.7) 119.1 (10.0) 1195.0

* Acres

** Percentage

Table 1 1974 LAND USE
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Conventional Minimum
SW Forest Pasture Hayfield Crop Tillage Idle

1 81.7*(40.6)** 16.8 (8.3) 2.6 (1.3) 5.9 (2.9) 21.3 (10.6) -

2 74.4 (38.2) .9 (.5) 3.8 (1.9) 2.3 (1.2) 30.9 (15.8) 14.3 (7.3)
3 147.9 (38.5) - 18.1 (4.7) 1.3 (.3) - 30.0 (7.8)
4  54.5 (34.3) 11.3 (7.1) - 3.6 (2.3) - -

5  84.6 (44.2) 2.9 (1.5) 9.6 (5.0) 8.8 (4.6) - 40.4 (21.1)

6 14.2 (18.2) 2.6 (3.3) 13.2 (16.9) - - -

TOTAL 457.3 (37.8)-  34.5 (2.8) 47.3 (3.9 21.9 (1.8) 52.2 (4.3) 84.7 (7.0)

Low/
Low Medium JMedium  High
Residential Density Commercial TOTAL
1 72.9 (36.2) - - - - 201.2 (16.6)
2 48.2 (24.8) 0 (4.1) - - 11.8 (6.1) 194.6 (16.1)
3 4.9 (1.3) 41.3 (10.7) 1.5 (.4) 5.7 (1.5) 133.7 (34.8) 384.4 (31.8)
4 1.6 (1.0) 37.8 (23. 30.6(19.2) 16.1 (10.1) 3.6 (2.3) 159.1 (13.1)
5 2.8 (1.5) 6 (5.0) - 32.6 (17.0) - 191.3 (15.8)
6 47.9 (61.5) - - - - 77.9 (6.4)
TOTAL 178.3 (14.7) 96.7 (8.0) 32.1 (2.6) 54.4 (4.5) 149.1 (12.3) 1209.0
* Acres

** Percentage

Table 2 1981 LAND USE



TOTAL

lLow/

.Low Medium Medium High
Residential Density Commercial TOTAL
.73.3%(36.2)**129.4 (63.8) - - - 202.7 (16.5)
- 126.2 (62.7) 56.7 (28.2)*** - 18.5 (9.2) 201.4 (16.4)
14.5 (3.7) 20.4 (5.2) 35.2 (9.0) 48.6(12.5) 271.3(69.6) 390.0 (31.8)
- 46.8 (29.1) 20.7 (12.8) 93.5(58.1) - 161.0 (13.1)
- 3 (1.7) 96.9 (50.5) 91.7(47.8) - 191.9 (15.6)
72.0 (88.7) - 9.2 (11.3) - - 81.2 (6.6)
159.8 (13.0) 326.1 (26.6) 218.7 (17.8) 233.8(19.0) 289.8(23.6) 1228.0
* Acres

** Percentage

*** See comment on page 66

Table 3

GDP LAND USE
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Land use maps for 1981, based on 1980 aerial photos, have been
generated by the Office of Planning and Zoning for the Annapolis Neck
Sector Plan. This information was further refined by field checking
for types of farm practices as well as percent imperviousness of
developed areas. New maps were drafted by us using the land use
categories needed for iﬁput to the WATER SCREEN program.

Maps prepared for the Anne Arundel County General Development
Plan were enlarged to 1:4800 scale to determine how this land use
might affect the creek. The GDP provides policy direction; it does
‘ not show what will'physically happen to the watershed. For the purpose
of this study it was hypothesized that development would occur without
normal regulatory controls and without regard to existing development.

Input Parameters for WATER SCREEN

Input parameters for the Church Creek watershed used in WATER
SCREEN are listed in Table 4.

Soil maps indicate most of the watershed is camposed of loamy
sand, but in subwatershed 4 there is some fine sandy loam; the soil
+ erodibility factor K was adjusted to account for this.2>

The length-slope factor (LS) was obtained from the 1:4800 contour
maps by "eyeball" estimates of average lengths to a stream channel and
typical changes in elevation. The difficulty in determining these
average values is illustrated in Figqure 6'.

For the irregularly shaped land use area shown in Figure 6'(a)

it is not clear how to arrive at an average value of length because
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Sub~- Land Parameter

Function Parameter Watershed Use Value Source
MUSLE R all All 200 Reference 12
K 1 All .43 " "
2 " .43
3 " .43
4 " .35
5 " .43
6 " .43
" s See Table 5 1/4800 scale maps

Reference 12
" C All Forest .003 Reference 16
Pasture .013

Hayfield .009

Idle .012
Conventional
Crop .319
..

Tillage Crop .185
" P All 'Non-cropland 1.0 Reference 16

Cropland .75

" SD 1 All .5 1/4800 scale maps
2 " .54 Reference 12
3 " .48
4 " .54
5 " .54
6 " .56
TABLE 4 PARAMETER VALUES FOR CHURCH CREEK WATERSHED
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Sub—-

Year Watershed Forest Pasture Hayfield

1974 1 1.2 .45 .53
2 .45 - .55
3 .33 .3 .26
4 1.1 1.0 .28
5 1.7 .9 .75
6 1.0 - 1.2

1981 1 2.5 .15 .4
2 .5 .4 .75
3 .6 - .55
4 1.9 .8 1.6
5 1.3 .4 .9
6 3.0 1.3 1.7

Conventional Minimm

Crop

.55

.35

.7

1.1
.3
.4

.7

TABLE 5 LS PARAMETER VALUES FOR CHURCH CREEK WATERSHED
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Tillage

Idle

2.0

1.4

.25

.38

.31

.4

.3



of the greater distance the soil must travel fraom the upper branch of
this land use area as campared t0 soil eroded in the lower branch. In
addition, part of this field may have a variation in elevation as shown
in Figure 6'(b). Furthermore, there may be more than one location hav-
ing the same land use within a particular subwatershed, as illustrated
in Figure 6'(c).

An attempt was made to deal with these averaging problems by choos-
ing a location that appeared to represent an average distance to stream .
channel and average elevation for each land use. In the case of multiple
areas within a given subwatershed with the same land use, an "average"
of the "averages" was used.

It is recognized that this is not a satisfactory procedure. First
of all, it depends upon individual choices and therefore is not reproduc-
ible. Even for the same individual the subjective nature of the process
can result in large uncertainties., For example, the values for the IS
factor shown in Table 5 were done a week apart for 1974 and 1981 lard
use. Inspection of this table indicates that the IS factors for land
use having little change between the two years may vary as much as a
factor of two in the tabulated values. Secondly, it is not clear what
an appropriate weighting procedure should be when the average value of
the LS factor for separate land use areas of variable size, elevation,
and distance from stream channel is desired.

The question of the proper averaging procedure for a collection of
differing or spatially separated fields is a fundamental problem in the

18

MUSLE approach. The original USLE was meant to be applied to a single

field. It is likely that a reproducible averaging procedure could be
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Figure 6'. Problems in estimating average (LS) factor.
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developed based on superimposing a square grid on the watershed contour
map and assigning values for the various factors based on well defined
procedures. A weighting scheme could be used in conjunction with the grid

2, 26-31 Questions then arise as to

values to arrive at average values.
the minimm grid size necessary, and as to the relative merits of differ-
ent weighting schemes. Answers to these questions will require further
studies of single and multiple use watersheds.

The values chosen for the cover factor C were based on assumptions
as to the degree of canopy cover and ground cover, The cover factor for
forest requires an estimate of the amount and type of forest litter.
Values of C for conventional crop and minimm tillage crop assume a two
year crop rotation as follows: first year corn, second year soybeans.

The agricultural practices factor has a value of 1.0 if no special
practices are assumed A value of .75 for cropland assumes that plant-
ing was done across the slope.

Sediment delivery ratio (SD) values were found using a graph of SD
versus the reciprocal of the drainage density (Figure III-10, Zison et
al.)]'2 Drainage density is defined as the ratioc of total channel-segment
lengths to the watershed area. The reciprocal of the drainage density
approximates the average distance a soil particle would have to travel
from the point of ervsion to the stream channel.

Loading factors in reference 9 are tabulated on the basis of soil
type and percent imperviousness of the land surface. The values listed
in Table 6 selected for Church Creek are for sandy loam soils and an

average value for the range of percent imperviousness that is listed.
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Land Use
Conventional Minimm

Pollutant Forest Pasture Hayfield Crop Tillage Idle
Sediment 20 20 20 1580 900 20
Nitrogen 2.4 4.3 2.6 12.5 8.7 2.6
Phosphorous .1 .3 .1 2.3 1.1 .1
BOD 6 13 6 29 19 6
Lead .01 .01 01 .02 .02 .01
Zinc .01 .02 | .01 .l g .01
Land Use
Low Low/Medium Medium High

Pollutant Density Density Density Density Commercial
Sediment 120 240 420 560 480
Nitrogen 5.1 7.1 9.7 12.5 13.2
Phosphorous .5 .8 1.1 1.7 1.6
BOD 13 18 25 36 163
Iead 12 .29 .59 .97 2.58
zinc A1 .23 .38 .55 2.06

TABLE 6 LOADING FACTORS (LBS/ACRE/YEAR) SELECTED FOR CHURCH CREEK WATERSHED?
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Some of the loading factors listed in Table 6 have been revised based
on recent recalibration measurements.ll The effect of these revisions
on our estimates for the Church Creek watershed will be discussed in a
later section. |

Camparison of MUSLE method with ILoading Factor Approach

ILoading estimates from both the MUSLE and loading factor methods
are shown for sediment, total nitrogen, and total phosphorous in Figures
7, 8 and 9, respectively. These results are only for forest and agricul-
tural land use within the watershed. As can be seen, the MUSLE method
estimates a much larger awount of sediment, by a factor of 10 to 20,
than that estimated from the loading factor method. However, estimates
for total nitrogen and total phosphorous are just the opposite; the
MUSLE estimates are a factor of 4 to 15 times lower than those given
by the loading factor approach. Only in the case of minimm tillage
crop are the estimates of comparable size. Both the nitrogen and phos-
phorous loading functions used with the MUSLE approach relate the amount
of nutrient to the amount of sediment; therefore one would expect the
sediment, nitrogen, and phosphorous estimates to all be high or low, but
they are not.

Possible reasons for the discrepancy between the two methods are:

1. Nitrogen and phosphorous loading functions that were used are

not correct or not appropriate for this watershed.

2. The loading factors used are not appropriate for this water-

shed.

The transport of nitrogen and phosphorous have been intensively

studied because of their importance in the eutrophication of natural
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Figure 7.
Comparison of MUSLE and
loading factor estimates—sediment
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Figure 8 .
Comparison. of MUSLE and loading factor estimates' -Total nitrogen
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waters.lg’?’2'33

They are part of an extremely complex process with some
of the details still not well understood. It is therefore not unlikely
that the simplified method of estimating nitrogen and phosphorous loadings
by means of loading functions is not correct.

Recent work in the Chesapeake Bay Program found that the loading
factors developed for the Occoquan River basin in Northern Virginia were
comparable to values found in small watersheds located in the Pequea

2 Work with other watersheds

Creek region near lancaster, Pennsylvania.
within the Chesapeake Bay watershed also indicated camparable loading
factors. This suggests that these loading factors are appropriate for
use with the Church Creek watershed provided there are no unique char-
acteristics of the Church Creek watershed which distinquish it from the
watersheds on which the loading factors are based.

The Smithsonian Institution's Chesapeake Bay Center for Environmen-
tal Studies is located on the Rhode River, which is the nearest sub-
estuary of the Chesapeake Bay south of the South River. (See Figure 1.)
Center workers have carried out an extensive study of the Rhode River
watershed. Some of the measured values they obtained for nitrogen,
phosphorous, and sediment loading factors are given in Table 7. Compar-
ing their measured values with those chosen for the Church Creek water-
shed (Table 6), the nitrogen and phosphorous values for forest are in
reasonable agreement; for pasture/hayfield they disagree by a factor of
3 to 15; and for cultivated land they differ by factors of 2 to 4. It
is more difficult to conpare the sediment loading result because of the
mixed land use within the Rhode River subwatersheds. Basins 101, 103

and 105 have similar land use patterns, so that the values ranging from
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Land Use

Cultivated
Pasture/Hay
Forest

Basin

101 Porest,
102 Forest,
103 Forest,
105 Forest,
108 Forest,

* (1bs/acre/year)

Nitrogen

3.3%

11.6

old fields, pasture
pasture, row crops
old fields, pasture

old fields, pasture

pasture, row crops, hayfields

1.3

1974

67*

40

Phosphorous
1.2*
3.4
.18
1975 1976
456 286
136 113
220
254 178
426 327

TABIE 7  MEASURED LOADINGS FROM RHODE RIVER SUBWATERSHEDS.34/35
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67 to 456 lbs/acre/year should be camparable to the loading factor listed
in Table 6 of 20 lbs/acre/year, but they are not. The lower measured
value was obtained in a year having less rainfall, so that part of the
difference may be reduced if measured values for several years were to
be averaged.

A recent study of five small subwatersheds in the Patuxent River

23 For forest they

Basin arrived at average measured loading factors.
found an average loading factor for total suspended solids of 141 lbs/
acre/year with a standard error of 89 lbs/acre/year and a range of
measured values from 6 to 2074 lbs/acre/year. These results along with
the variation in sediment discharge from year to year (shown in Table 7)
provide good examples of the necessity for loading factors to be based
on several years of measurements. The data collected by the VPI group
on small watersheds in the Occoguan River Basin illustrates the possible

22

range of measured values. For example, the range of measured values

for total nitrogen from a forested area overlaps the range of measured
values produced by minimum tillage-corn land use. Nevertheless, there
is a significax}t difference between the median values for these two land
uses.

As the previous discussion has indicated, selected loading factors
for nearby watersheds differ from the Northern Virginia Planning District
Commission (NVPDC) values to some extent. However, the variability of
measured loading factors fram year to year indicates that a statistical
average of several years of data should be used to obtain a reasonable

average value for loading factors. We therefore have selected the NVPDC

loading factors (Table 6) as the best available values.
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While writing this report we received the recently revised
loading factors from NVPDC based on additional measurements.ll There
were no changes in the nitrogen, phosphorous, and BOD loading factors.
A 33% reduction in the zinc loading factor for single family residen-
tial (0.5-6.0 DU/acre) and townhouse garden apartments (6.0-20.0 DU/
acre) was recommended. For lead a 50% reduction was recommended for
single family residential and a 33% reduction for townhouse garden
apartments. Based on a better sampling technique for suspended solids
they recammend a 33% reduction in the sediment loading factor for all
residential land use categories. '

Part of the reduction in the lead loading factor may be due to the
increased use of no-lead gasoline so that the original lead loading
factor may be more appropriate for the 1974 and 1981 land use patterns.
In any case, the revised loading factors do not significantly affect
the nutrient and pollutant loading estimates in this report which are
based on the earlier loading factors from NVPDC.

Nutrient and Pollutant Discharge to Church Creek

The loading factor method was used to estimate nutrient and pollu-
tant loadings for four different land use patterns:
1. The appropriate lcading factor for forest land use was
multiplied by the total land area (1200 acres) to give
an estimate for each pollutant of the total loadings if
the whole watershed were campletely forested. This is
called the "all forest" land use pattern and serves as

an index of minimum loadings from the watershed.
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2. 1974 land use.

3. 1981 lard use.

4. Hypothesized development based on the current Géneral

~ Development Plan (GDP). This serves as an index of the
- maximm loading from the watershed.

Figures 10 through 15 show the loadings for sediment, total nitrogen,
total phosphcrous, biological oxygen demand (BOD), lead, and zinc for each
of the eleven categories of land use. In general, no significant change
in loadings between 1974 and 1981 was noted except in two categories.

The change from conventional to minimum tillage practices on some of the
farmland reduced the sediment, total nitrogen, and total phosphorous from
this land use by a significant amount. 'On the other hard, increase in
commercial land use increased BOD, lead, and zinc loadings by 25%.

Comparing the loadings for all four land use patterns indicates
that high density residential and commercial land use can contribute
significant loadings for all the pollutants studied. For example, in
1981 sediment fram commercial land was almost as much as from cropland.
One of the more surprising results is the large amount of BOD loading
produced by commercial land. In 1981 the BOD loading fram commercial
lard use in the watershed was a factor of three larger than would have
been produced if all the land were still forested, even though commer-—
cial land in 1981 made up only 12¢ of the entire watershed. Loadings
of zinc and lead are also disproporticnally higher for commercial land

as compared to other land uses within the watershed.
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Total Sediment Loading by Land Use
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Figures 16 through 18 illustrate the estimated pollutant loadings
by subwatershed. As can be seen, subwatershed 3 produces more of the
loadings than the other subwatersheds. Some of this is accounted for
by the larger area of subwatershed 3, but of more importance is the
larger fraction of commercial land use in this watershed.

Figure 19 summarizes the est:i_maﬁed total pollutant loading by
pollutant type for the four different development patterns considered.
Between 1974 and 198l there has been a small decrease in sediment and
total phosphorous, total nitrogen has remained unchanged, and BOD, lead,
and zinc have increased by about 25%. If one uses the "all forest"
values for normalization, then by 198l yearly sediment loading had in-
creased by a factor of 10, total nitrogen by 2, total phosphorous by 7,
BOD by 4.5, lead by 60, and zinc by 40. If the hypothetical land use
patterns based on the GDP were to occur, then sediment would increase
by a factor of 18, total nitrogen by 4, total phosphorous by 12, BOD
by 9, lead by 100, and zinc by 75.

One source of lead that has not been accounted for in these estimates
is the lead contained in stormwater runoff from the heavily traveled high-
ways that are in the Church Creek watershed. A 1981 traffic survey found
that the average daily traffic on Route 2, Forest Drive, West Street, and
Riva Road was in the range from 14,000 to 32,000 vehicles/day.3®

A 1972 study of lead input into a watershed in Illinois assumes 2.5
g of lead per gallon of gasoline, and in urban areas 50% of the consumed

37 For the

lead is emitted from the exhaust system of the autcmobile.
Church Creek watershed we make the additional assumptions:
1. Within the watershed there are 5 miles of roads with an

average traffic volume of 23,000 autambbiles/day.
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Pollutant Loading by Subwatershed (Sediment and Nitrogen)
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2. Each car gets 20 miles/gallon.
The estimated yearly production of lead from automobiles 17_\ is then
given by

Ly = ( 5 mi 2.5¢g lead) (-5) (2.2 x 1073 lbs) 23,000 cars 365 days
20mi/gal gal g.

L, = 5,000 lbs lead/year ‘

According to the Illinois study a large fraction of the lead accum-
ulates in the surface soil near the highways. Stormwater runoff from the
highways will transfer some of this lead to Church Creek. If we campare
the admittedly rough estimate of yearly lead loadings'from traffic (5,000
1bs) with the total lead loading estimate from the watershed (450 lbs),
it suggests that vehicle traffic may be a major source of lead within the
Church Creek watershed. Similar arguments may hold true for zinc because
the major source of the zinc loading is thought to be the wear of auto-
mobile tires. At the least, the contributions of vehicle traffic to heavy
metal pollution in the Church Creek watershed should be further investi-
gated.

Another process that is not accounted for in these calculations is
the disturbance and exposure of soil at construction sites or new road
construction. At present there are no good procedures for estimating
the nutrient and pollutant discharges from construction sites. The reason
for this is the uniqueness of each construction site in terms of land dis-
turbance, sediment control practices, intensity and duration of storms
that occurred while bare soil was exposed, etc. Because construction
activity has been neglected in our model the estimated loadings are

probably conservative.
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V. IMPACT OF NUTRIENT AND POLLUTANT LOADINGS ON CHURCH CREEK

In the previous section we have obtained estimates of yearly
nutrient and pollutant loadings from the Church Creek watershed. In
this section we discuss the following questions:

1. wWhat happens to these nutrients and pollutants once they

enter Church Creek?

2. What impact do these nutrients and pollutants have on the

water quality of Church Creek?

The first question camnot be answered without a thorough physical,
chemical, and biological study of Church Creek. Even if this were
available, many of the chemical and biological interactions that control
the transport of nutrients and pollutants within an estuary are still
not campletely understood. This is particularly true of the water-
sediment interface at the bottam of the creek.>?

The second question is not answerable at the present time. There
is insufficient scientific knowledge to predict the amount of a particular
nutrient or pollutant that will cause a decline in the water quality of
an estuaxy.39 There is not even a consensus among scientists as to the

proper choice of variables required to define the water quality of an

estua1.'cy.40'42

What then can land use plamners or water quality managers do to
get some perspective of the effects of nutrient and pollutant loadings
on an estuary such as Church Creek? The best that can be done with
limited resources is to use same of the simplified methods that have
been developed to estimate water circulation, biochemical transport,

and water quality within an estuary.
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Detailed camputer models have been developed in an attempt to
simulate the physical, chemical, and biological processes occurring
in an estuary.43—45

of the work has been done using one or two dimensional models--that

Because of the complexity of the problem, most

is, these models only account for processes that vary in one or two
directions while assuming all variables are constant in the other
directions. A one dimensional model, for example, assumes that the
estuary has a uniform cross section.

The topography of Church Creek is shown in the bathymetry map,
Figure 21. This map is part of a hydrographic survey map, number 5329,
done by the U. S. Coast and Geodetic Survey in 1933. The soundings
shown are in feet at mean low water. This is the latest survey done
on Church Creek. Undoubtedly tidal action and silting have changed
same of the indicated depths, but for purposes of rough estimates it
will suffice. Cross sections of the creek and the distribution of
water at mean low tide within the creek are shown in Figure 22. About
78% of the water is contained between the mouth and a point approximately
half way up the creek. A longitudinal profile taken along the center
of the channel is shown in Figure 23.

Because of varying cross sections of Church Creek, estimates of
water circulation and pollutant concentration based on a one dimensional
model would likely be misleading. However, rough estimates can be made
of the flushing time of the creek. The flushing time is time required
to replace the water in the creek with water from other sources, either
fresh water inflow from the watershed or tidal water from the South

River.
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A rough estimate of the flushing time is given by the expressionlle’l2

where
T, = flushing time (tidal cycles)
V = volume of water in the estuary at mean low tide (ft3)
P = intertidal volume (ft3)

The intertidal volume was calculated by multiplying the average tidal

'height, which for the South River is .89 feet,47 by the surface area
of the creek as shown on the bathymetric map (Figure 21). This gave
an intertidal volume of 2.8 x 108 £t3.

The volumre of water in the estuary at mean low tide was found by
drawing a series of transverse cross sections of the creek. A planimeter
was used to find the areas of these cross-sections and then the average
area of two adjacent cross sections was multiplied by the average depth
between the cross sections. The total volume of water found in this way
is 24.7 x 105  £t3. The estimated flushing time obtained by this method
is 8.7 tidal cycles, or taking a tidal cycle egual to 12.4 hours results
in a flushing time estimate of 4.5 days.

Arother method for estinaﬁrxg flushing times as described by Zison
et al.12 is the modified tidal prism method. 1In this approach the estuary
is segmented so that each segment length represents the excursion dis-
tance a particle can travel during one tidal cycle. The first segment,
located at the head of the creek, must therefore have an intertidal volume

that is completely supplied by fresh water flow from the watershed.
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Let P; represent the intertidal volume of segment i. The first
intertidal volume P, can be estimated by combining the average fresh
water flow from subwatersheds 3, 4 and 5. The average yearly rainfall

2 inches of rain

is 48 inches/year,48 so that on the average 6.8 x 10~
falls on the watershed per tidal cycle. If we assume that 50% of this
rain water reaches the estuary, then the average flow rate from sub-
watersheds 3, 4 and 5 is 9 x 10° £t3/tidal cycle. Thus P_ is equal to
9 x 10% £t3. |

Let v, repfesent the low tide volume of the segment i. The low
tide volume V, can be found because it lies under ‘the intertidal volume
Py which occupies a volume P, ='d Wy Los where d.f is height of tide, W,
is the width of the segment, and I, is the length of the segment. From
the survey map W, = 360 feet and d is the height of tide, .89 feet.
Therefore L, = 282 feet. Once the length I of the initial segment is
known the volume Vo is fourd by
3

VO =W, Ly daV = (360) (282) (3) = 304,000 ft

where d_. is the average water depth of this segment. An exchange
ratio ry can now be calculated

r, = Po = 9 x 104 = ,231/tidal cycle
Pot V% 9 x 10 + 30 x 104

From this the flushing time for this segment is

TF =1 = 4.3 tidal cycles

o ro

Now for the next segment the low tide volume is found using the

expression V1 = Po + Vo. Once V1 is known then the length of this
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segment Ly cah be calculated, from which the intertidal volume Pl'
the exchange ratio ry, and segment flushing time ']:E,l can be calculated.
The procedure is repeated for as many segments as are needed to reach
the mouth of the creek. The flushing time for the creek is then the
sum of the flushing times of each segment.

The results of this modified tidal prism method for Church Creek
give a flushing time of 50 days for the water to travel 3,300 feet from
the head of the creek. This long flushing time is primarily due to
the low averagé fresh water input to the creek. If an extended stom
were to deliver a significant amount of water over a few days, then
the flushing time would be greatly reduced. This calculation does
point out that during extended dry periods tidal action is not very
effective in flushing the upper half of the creek.

The circulation of water within an estuary is not only due to
fresh water input and tides. Wind stresses and density variations
due to salinity gradients can be important factors in determining
45 The hydrologic map
(Figure 21) and the creek cross sections (Figure 22) show a broadening

the amount and location of mixing in estuaries,

of Church Creek at a distance of 2000 feet from the mouth. This large
surface area makes it likely that wind driven circulation is important
in this part of the creek. |

The estimated flushing times indicate that it is possible for
nutrients and pollutants that are introduced from the watershed: to
spend a significant time within Church Creek. The concentration of

these nutrients and pollutants depends upon a series of camplex,



interrelated physical, chemical and biological processes. For example,
it has been found that the amount and type of organic compounds in the
water determine the fraction of lead that is transferred from sediment
particles to the water.49
The impact of nutrient enrichment on an estuary and corresponding
management implications are discussed in an excellent collection of

50 The overall sense of

review articles edited by Neilson and Cronin.
these reviews is that while a great deal has been learned about nutrient
cycling within an estuary, much still remains to be discovered.

With the present state of knowledge of estuarine ecology, what
method can planners use to establish reasonable patterns of land use

within a watershed? We suggest that the ratios R; , where

R = total loading of polluté.nt i from watershed (lbs/year)
total loading of pollutant i for completely forested watershed
(1bs/year)

be used as the index of the state of the watershed. If there is a cor-

relation between the "health" of an estuary and these pollutant ratios,
then maximum ratio values could be assigned based on comparison of several
watersheds within a county. For this purpose the "health" of an estuary
could be based on fairly broad criteria, such as water clarity, odor
production, dissolved oxygen history, etc. Adjustments to the maximm
ratios may be needed to account for factors such as flushing time and
quality of benthic material.

These maximum ratio {ralues could be used as guidelines in ﬁhe
establishment of general development plans for a watershed. Admittedly

the establistment of maximum loading ratios is not a trivial task and
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is well beyond the scope of work reported here. We offer it as a
suggestion that we believe is reascnable and within the resources of
local government agencies. Planning guidelines based on watershed
characteristics will focus the attention of both planners and citizens
on the ecological unit that often determines the health of an estuary--

its watershed.
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VI. DISCUSSION AND RECOMMENDATICNS
Loading estimates for the Church Creek watershed illustrate three
important influences of land use on the water quality of an estuary.
First, the importance of agricultural practices is shown by the reduc-
tion in sediment loading because of the change from conventional crop
to minimum tillage farming. Second, the large amount of biological
oxygen demand (BOD) from commercial and high density residential land
use, when coupled with excess nitrogen and phosphorous input, is likely
to lower the dissolved oxygen concentration in the estuary during the
sumer months. Excess nitrogen and phosphorous promote algae growth
which when it dies sinks to the bottaﬁ and becomes another source of
BOD. This BOD along with the BOD load from the watershed is likely to
increase the length of time during which the dissolved oxygen level is
below 5 parts per million, the level usually regarded as necessary to
sustain fish and other important aquatic organisms. Third, commercial
areas are important sources of heavy metals, such as lead and zinc.
As a result of the work reported here we offer the following
recommendations:
1. State and federal agencies should be encouraged to support
the monitoring of single use subwatersheds in the Chesapeake
Bay region over long time periods (5 year minimum) by quali-
fied agencies, such as the Smithsonian's Chesapeake Bay Center
for Envirommental Studies or the Baltimore Regional Planning
Council's monitoring division. The goal of this work would
be to produce a larger data base from which improved loading

factor values would be obtained.
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Additional long term monitoring data are also needed to evalu-
ate best management practices (holding ponds, pervious surfaces,
etc.) applied to commercial land use. This will p@ide load-
ing factors that allow local jurisdictions to evaluate the
relative impact of different scenarios of best management
practices.

WATER SCREEN be used by local jurisdictions to evaluate water-
sheds that are under heavy development pressure. Comparison
of the loading estimates of different watersheds will help to
establish management pricrities and provide a criterion for
the allocation of funds and planning efforts.

The contribution of wehicle traffic to nutrient and pollutant
loadings in small watersheds, such as Church Creek, should be
investigated. Development of loading factors based on daily
traffic volume would be useful.

The need for implementing pollution control measures for
highly impervious land uses, such as Camercial Development,
has been indicated in this study. Stormwater management
techniques which reduce the pollutant load carried in runoff
should be mandated for these sites. The large BOD loading
should particularly be addressed with best management practices
that would remove these pollutants. The effectiveness of
street sweeping and other general housekeeping measures for
reduction of the available pollutants should be explored

for areas of high imperviousness.

65



5. This study has estimated that a large amount of pollution‘may
be transported to Church Creek in stormwater runoff from
existing highly impervious areas. The possibility of adding
pollution control measures t0O existing storm drainage systems
or the installation of a regional facility to reduce these
pollutant loads should be considered by decision makers.,

The Department of Natural Resources is funding a flooding
study of the Church Creek watershed. Stormwater management
techniques which may be evaluated during this study should

have pollution reduction capabilities.

*** A reviewer has pointed out that the medium density land use (56.7
acres) in subwatershed 2 listed in Table 3 is not correct. The
GDP map indicates this area as high density land use. A recalcu-
lation of the total GDP pollutant loadings using the correct land
use assigrment increases the estimates shown in Figures 19 and 20
by only 1 to 2%. This correction does not change any of the con-

clusions in this report.
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APPENDIX A

A logic diagram for the major subsections of WATER SCREEN is shown below.

(The numbers in parentheses are program line numbers.)

Main

(780)

(820)

(850)

(890)

(940)

A%
A%

1 Run Program
2 Inspect File Parameters

Toad records fram file stored on disk.

Subroutine: SOIL
Calculates soil loss using USLE.
Calculates delivered soil using MUSLE.

Subroutine: NITROGEN
Calculates nitrogen loading from erosion and rain.

Subroutine: PHOSPHOROUS
Calculates phosphorous loading.

Subroutine: ORGANIC MATTER
Calculates organic matter loading.

Subroutine: LOADING FACTOR
Calculates loadings using loading factor method.

74

o



APPENDIX A

(580) Subroutine: FILE
Choose
1. Create and read file.
2. Read file.
3. Edit file.
O @ 3

O (1670) . Subroutine: RECORCS (CH% = 1)

Asks keyboard input for file and calculation
parameters.

: (1340) Subroutine: RECORDS (CH: = 2)

Reads file that has previously been created.

C (1460) Subroutine: RECORDS (CH% = 3)

(10930) gproutine: CHANGE PARAMETERS

Allows operator to change
individual parameter values
within a record.

Line 430 contains the variable NSUB% and NTYPE%. NSUB2 is the nmuber
of subwatersheds and NTYPE% is the number of land uses. To change the
number of subwatersheds just change the value of NSUB%. If more than

7 subwatersheds are needed, then some of the variables will have to have
their dimensions changed in lines 310 through 350. Note that in the
program NR% = NSUB% and NC% = NTYPES.

Because of the logic used in the program it is quite easy to add or
delete subroutines that use different methods of calculating nutrient
and pollutant loadings and to add or delete the corresponding records
that ocontain the parameters used in the calculation. Commercially
available utility programs, such as Apple Doc, are very helpful in
this process.
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APPENDIX B

JILIST

188 PRINT "XXEXXEXEXXXXXXXXXXEAXRXXXXXXFEARENR"
118 PRINT "¥ "
128 PRINT "¥ X"
138 PRINT "% WATER SCREEN X"
132 PRINT "% ¥
134 PRINT "¥ (FILE,USLE,LOADING FACTOR) ¥*
126 PRINT "X X"
149 PRINT "% X"
158 PRINT "¥ VERSION 2.8 "
16@ PRINT "¥ X"
176  PRINT "X BY x"
188 PRINT "X x"
196 PRINT "X BRUCE BIRD "
20080 PRINT "¥ ' X"
218  PRINT "XXXXXXEXXEXAXEXXXXKEAEXXXXXXXKEXX"
228 REM

238 REM

248 REM

258 REM  XXXXXAXXXXXXEXXXXXX

268 REM ¥ MAIN %

278 REM XXXXXXXXAXXXXXRXXXX

288 REM

298 REM

368 REM

318 DIM AR(7,11) ,REC$(28) ,N8%(28) ,SW$(15) ,LAR(7,11) ,U¥(7,7) ,DIRA(28)
320 DIM A$(18) ,KF(7,7) ,LF(7,7) ,SF(7,7) ,CF(7,7) ,PF(?7,7),8D(7,7) ,HF(é,1
1) ,LF$¢&

338 DIM IN$(28) ,RS%(38) ,RGX(38) ,F14(30)

348 DIM SL(7,7),DD(7,7),SA(7) ,DA(7) ,LL{(?) ,LD(?) ,NLEC7) ,NWS(7) ,LU(?> ,N
BR(7) ,LW(7) ,NPR(?)

358 DIM NTL(?) ,NST(?) ,PL(7) ,PW(Z) ,MLC7) ,MN(7) ,0LC7) ,0W(7) ,PM(7,11) ,PI
(7,11 ,0MCS) ,PC(S) ,PACLL)

355 REM READ FIELD LENGTHS FOR EACH RECORD GROUP

356 DATA 48,8,2,8,4@,8,8,8,8,8,8,8,8,8,8

357 FOR I = 8 TO 14: READ F1%(1): NEXT I

368 REM  SW$(I) USED WITH INPUT FOR USLE PARAMETERS

378 SW$(1) = "FOREST"

388 ShW$(2) = "PASTURE" :SW$(3) = “HAYFIELD" :SW$(4> = "CONVENTIONAL CROP
"rSWE(S) = "MINIMUM TILLAGE CROP":SW$(4) = "IDLE"

398 SWe(7) = "LOW DENSITY RESIDENTIAL":SW#%(8) = "LOW/MED DENSITY RESID
ENTIAL" :SWE(?) = "MEDIUM DENSITY RESIDENTIAL":8W$(18) = "HIGH DENSITY
RESIDENTIAL" :SW$(11>) = "COMMERCIAL"

480 REM

418 LF${1) = "SEDIMENT":LF$(2) = "TOTAL NITROGEN":LF$(3) = "TOTAL PHOS
PHOROQUS"

428 LF$<(4) = "BOD" :LF%(S5) = "LEAD “:LF$(& = "ZINC"

425 REM NSUBY = NO. OF SUBWATERSHEDS, NTYPEX = MNMO. OF LAND USES
438 NSUBX = &:NTYPEX = 11:TG/A = 13:RLX = 48
449 D& = CHR$ (4 :1$ = CHR$ (%

458 REM

448 REM {<{{ CHOOSE OPTIONS >>>
478 REM

488 HOME

498 PRINT "X%X¥ OPTIONS ¥X¥": PRINT : PRINT
S8@ PRINT "CHOOSE:": PRINT
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S1@ PRINT " 1 RUN PROGRAM ": PRINT

328 PRINT " 2 INSPECT PARAMETERS": PRINT

538 INPUT "OPTION NUMBER = ?";AX: PRINT : PRINT

532 INPUT "DO YOU WANT PRINTED COPY OF INPUT DATA FILE?(Y OR N> " ;A%
534 PCY = |

3936 IF A% = "Y" THEN PCx = 2

548 ON AX GOTO 426,586

558 REM
568 REM <<{ GO SUB:FILE 2>>
978 REM

S8e GOSuUB 1858

398 PRINT D$;"FR#H#8"
408 GOTO 738

618 REM START PROGRAM

628 HOME

638 PRINT * ¥XX INPUT %x%%": PRINT : PRINT
448 INPUT "FILE NAME = 2" ;NAME$

658 REM

648 REM TRANSFER FILE TQ VARIABLES

4678 REM GOSUB:RECORDS

4688 REM OPTZ=2 : READ AND LOAD ONLY

670 REM

788 OPTZ = 2:1D% = NAMES

718 GOSUB 147@

728 PRINT D$;“CLOSE"

738  INPUT "DO YOU WANT TO RUN THE PROGRAM ? (¢ Y OR N)";A%
748 IF A% = "N" GOTO 95@

741 REM

742 REM GOSUB: PRINTER CODE t
743 REM

744 GOSUB 12955

758 REM

768 REM GOsSuB: SOIL

778 REM

788 GOSUB 2ea7’e

798 REM

866 REM (GOSUB: NITROGEN

818 REM

828 GOSUB 218486

838 REM

848 REM GOSuUB: PHOSPHORGOUS
858 REM

848 GOSUB 24276

878 REM

888 REM GOSUB: ORGANIC MATTER
828 REM

88 GOSUB 24986

$19 REM

P15 IF NOZ(1) = 2 GOTO 256: REM MUSLE ONLY OPTION
280 REM GOSUB: LOADING FACTORS

P38 REM
?48 GOSUB 23434
245 REM

247 REM GOSUB: PRINTER CODE 2
58 GOSUB 12945
#38 PRINT D#%;"PR#8"

748 END
78 REM
288 REM

P98 REM EXXXXXEXXXEXXXXXEXEEEERH
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93037
talae
182a
1630
1848
1a5e
1864
1876
1088
18909
1108
1118
1128
1130
114@
1150
1148
1178
1188
1199
1204
121@
1228
1230
1248
1258a
124@
1278
12886
1299
13640
1319
1328
1338
1344
1358
1360
1378
1386
13908
1480
1410
1420
14309
1448
1456
1448
1476
148@
1450
1568
1516
1526
1538
154a
1558
1540
15768
1588
1598

REM SUBROUTINE FILE

REM  XXXXEXXEXXXAXXXXXXKXAXXXXR

REM

REM

REM

HOME

REM

REM <K< OPTIONS >>>

REM

HOME

PRINT * XXX OPTICONS XXX"3: PRINT : PRINT
PRINT “CHOOSE:": PRINT

PRINT " 1 CREATE AND READFILE": PRINT
PRINT " 2 READ FILE ": PRINT

PRINT * 3 EDIT FILE ": PRINT

INPUT "OPTION NUMBER =?";CHX%

ON CHZ GOTO 1228,1346, 14480

REM

REM <<{ CREATE AND READ FILE>>>

REM

REM <K< INPUT FILE NAME 22>

REM

HOME

PRINT * XXX INPUT X%X%": PRINT : PRINT
INPUT "FILE NAME =?";NAMES$

REM

REM <<{{ GO SUB: RECORDS 2>>>

REM
1D = NAME$:0PTX = CHX

GOSUB 1478

GOTO 15886

REM

REM <{L{ READ FILE>>>

REM

HOME

PRINT * XXX READ FILE ¥%¥x ": PRINT : PRINT
INPUT "FILE NAME = ?";NAME$

REM

REM <<<{ GOSUB:RECORDS>>>

REM
ID$ = NAME$:0PTx = CHX

GOSUB 14740

GOTO 15848

REM

REM <{<{ EDIT RECORD GROUP >>>

REM

HOME : PRINT "X%¥¥ EDIT FILE X¥X%": PRINT : PRINT
INPUT "FILE NAME = 2";ID$

PRINT DO%;"0OPEN"ID#%",L48"

REM

REM {{{ READ FILE PARAMETERS 22>

REM

REM {<{{ GOsSUB: RGZ >>>

GOSUB 3228

REM

REM {{{ GOSUB: CHANGE PARAMETERS >2>>
REM

GOsSuUB 18930

PRINT D&;"CLOSE"

RETURN
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1488
14610
16z@
1636
1440
1650
1648
1478@
1590
1788
1718
1728
1738
1740
1758
1748
1778
1788
1798
1860
S ECHY: ]
1820
1830
1848
1856
1848
18740
1880
18978
1988
1718
1928
19386
1940
1958
1940
1978
1788
19948
2000
2018
2029
2638
2048
2054
2040
2878
2080
z2e9a
2100
2118
2120
2130
2148
2158
2148
2178
2186
2198
22ea

REM

REM XXXXXXXXXXXXXXXRXXXXX
REM SUBROUTIME RECORDS
REM EXEXXXXXXKEXAXKAXEXXXX
REM

REM

REM

PRINT D$;"OPEN"ID$" ,L48"
ID$ = NAMES:PTA = OPTX%

REM

REM GOsUB: RGO (FILE INFORMATIOND
REM

GOSuUB 2440

REM

REM GOsUB: RG1 (FILE NUMBERS)

REM

GOsSuUB 297a

REM

REM GosuB: RGZ (CALCULATION OPTIONS)
REM

GOSUB 3548

REM GOSUB: RG3 (LAND USE AREAS)
GOsUB 43Sa

REM

REM GOsuUB: RG4 (RAINFALL FACTOR)
REM

GOsSuUB Sa4e

REM

REM GOSUB: RGS (ERGDIBILITY FACTOR)
REM

GOSUB GS406

REM

REM GOSUB: RG& (LENGTH FACTOR)

REM

GOSUB sBz2e

REM

REM GOSUB: RG7 (SLOPE FACTOR)

REM

GOSUB 4448

REM

REM GOsSUB: RGS8 (COVER FACTORD
REM

GosSuB ra7a

REM

REM GOSUB: RGY? (PRACTICES FACTOR)

REM

GOosuB 7534

REM

REM GOSUB: RG1@ (SEDIMENT DELIVERY RATIO)
REM

Gosue 795a

REM

REM GOsSUB: RG1i1 (NITROGEN)
GOsSUB 838e

REM

REM GOSUB: RG12 ( PHOSPHOROUS)
REM

GOsSUB 7a@@

REM

REM GOsUB: RG13 (ORGANIC MATTER)
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22189
2228
2230
2248
2256
2260
2278
2288
22%a
2380
23189
232a
2330
2348
2358
2348
2378
238a
23%8
2484a
2418
24z8
2438
244¢
2458
2448
247a
24890
2498
2tea
2316
2528
235348
2348
23550
2368
2578
2588
2599
24880
2410
2628
oupP.
263a
24480
2458
24640
2876
2488
24%8
2700
2718
2726
2730
2744
2758
2740
2770
2786
2756

REM

GOsSuB ¢5za

REM

REM GOSUB: RG14 (LOADING FACTOR)
REM

GOsUB 1es28

REM

REM

REM {{< GO SUB: RG1 >>>

REM

REM STORE FINAL FILE PARAMETERS IN RGI
GOSUB 3846

RETURN

REM

REM

REM EEXXXEXXKXRAXEXXXXEXXRXRRRXXERXX
REM INDIVIDUAL RECORD SUBROUTINES
REM KXXXKERXEEXXERAAXKEXRRRAREAREX -
REM

REM

REM EXREXXXEXXRXXKR

REM ¥ SuB:RGA X

REM 1333333333333 E

RIZ = 8:RS/(Q) = RIX

ON PTX GOTO 24%6,2748,24%0

REM

REM <{{ INPUT FOR RECORD GROUP 8 >>>
REM

HOME

INEC(B) = "WATER SCREEN (FILEXUSLEXLF) VER 2.0"
IN$(1) = "RECORD LENGTH= 48 "

PRINT " ¥X¥ PROGRAM AND FILE INFORMATION X¥XX": PRINT : PRINT
PRINT *“RECORD GROUP NUMBER 8 ": PRINT
INPUT “RIVER NAME=7";IN$(2): PRINT

INPUT “YOUR NAME =?";IN$(3): PRINT

INPUT "FILE NAME =7";IN$(4) : PRINT

INPUT "FILE DESCRIPTION =2";IN${(3): PRINT
IDE = IN${(4

REM

REM <{{ WRITE RECORD GROUF 8 >>>

REM
RS%(8) = RIA: REM RSZ IS THE STARTING RECORD NO. FOR THE I TH GR
FOR I = 8 TO 5
R4 =1

PRINT D$;"WRITE"ID$" ,R"R¥

PRINT IN$C(ID

NEXT I

PRINT D%

RGZ(8> = RA - RI%
RIZ = R4

REM

REM <{{{ READ RECORD GRQOQUP 8 22>

REM

FOR I = @8 TQ &

RA =1

PRINT D#;"READ"ID$" ,R"RA

INPUT IN$CI)

NEXT I

PRINT D%
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2888 REM

2818 REM {<{{ OUTPUT FOR RECORDGROUP @ 22>

2828 REM

2838 ON PCY GOTO 2858,2832

2832 G0OsSuB 12955: REM PRINTER CODE 1

2848 REM

2858 PRINT : PRINT : PRINT "%¥¥%¥ RECORD GROUP @ XX%¥": PRINT : PRINT
2848 PRINT "INFORMATION FOR FILENAME ";ID$: PRINT
2878 FOR I =8 TO 5

2888 PRINT IN$(D

2898 NEXT 1

2895 GOSUB 129485: REM PRINTER CODE 2

2988 RETURN

2918 REM KXXAXEXEXXRXXKEX ¥

29280 REM % SUB:RG1 ¥
2938 REM EXXXAXXXXXRXXXREXX
2948 REM

2956 REM RECORD GROUP 1 CONTAINS THE STARTING RECORD NUMBER (RSY(I
>) AND NUMBER OF RECORDS FOR EACH GROUP RECORD (RGX(IJ)

2948 REM

2978 FL” = F1X(1D

2975 ON PTZ GOTO 2%98@,3228,3850

2988 FOR I = 2 TO TGX

2998 RSX(I) = @:RGX(I) = 8

3888 NEXT 1
3818 RGX(D)

4: REM THIS MUST BE CHANGED IF NO. OF RECORDS IN RG! CH

ANGES.

3828 REM

3836 REM <{{{ WRITE RG1 >>>
3848 REM

3830 RSY(1) = RIZX + 1

3840 RY = RSA(D

3878 K =

3888 FOR I = 6 TO TGX

3898 B4 = FLA ¥ (K - D

3188 PRINT Ds;"WRITE"ID¢" ,R"R¥",B"BY
3118 PRINT RSX(I): PRINT RGX(I)

3126 K = K + |

3138 IF K > RLA / FLX THEN RX = R/ + 1
3146 IF K > RLA / FLZ THEN K = K - RL% / FL%
3158 NEXT I

3146 PRINT D%

3178 RG¥(1) = R4 - RIA

3186 RIX = Rx

3198 REM

32686 REM <<{{ READ RG1! >>>

3218 REM

3228 RSX(1) = &6:iR/A = RS/A(1) :FLY = Fi/(D
3238 K = 1

3248 FOR I = @ TO TGX

3258 BX = FLZ ¥ (K - D

3248 PRINT D$;"READ"ID$",R"RX" ,B"B¥
3278 INPUT RSXA(I) : INPUT RGXCID

3286 =K + 1

3298 IF K > RLA 7/ FLX THEN R4 = RA + 1
3388 IF K > RLX / FLZ THEN K = K = RLX ~ FLX
3318 NEXT I

3328 PRINT Ds

3338 REM

3348 REM << OUTPUT RGI1 23>
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3350

REM

3352 ON PCX GOTO 3348,3354

3354 GOSUB 12955: REM PRINTER CODE 1

3368 PRINT : PRINT : PRINT "X¥X¥ RECORD GROUP 1 %¥%X": PRINT : PRINT
3378 PRINT "RECORD GROUP NUMBER, STARTING RECORD NUMBER, NUMBER OF RE
CORDS IN GROUP": PRINT

3398 FOR I = 8 TO TGX STEP 3

3488 FOR J = 0 TO 2

3418 K =1 + (J ¥ 28

3415 IF PCX =1 THEN K =1 + (J ¥ 18

3428 L =1 + J

3438 IF L > TG4 GOTQ 3486

3433 ON PCY GOTO 3444,3449

3448 POKE 36,K + 7: PRINT L;: POKE 3&4,K + 12: PRINT RSX(L);: POKE 36,
K + 17: PRINT RGZ(L);

24432 GOTO 3456

3444 PRINT TAB( KyjL; TABC K + 3)3RSA(L)Y § TABC K + &) jRGA(L) ;
3458 NEXT J

3448 PRINT

3478 NEXT 1

3488 PRINT

3485 GOSUB 12945: REM PRINTER CODE 2

3498 RETURN

3568 REM KXXXXXXXEXXXXXEXXX

3518 REM ¥ SuB: RGZ2 X

3528 REM XEXXEXEXXRXXXEXX XX

3538 REM

3548 REM RECORD GROUFP 2 CONTAINS THE SELECTED CALCULATION OPTION N
UMBERS

3558 REM

33568 FLX = F14(2)

3545 OMN PT/A GOTO 3598,48%98,35%0

3578 REM <{< INPUT: RG2 22>

3588 REM

3598 PRINT

3680 PRINT "%¥%%X CALCULATION OPTIONS XX%X": PRINT

3818 PRINT " 1 ALL OPTIONS": PRINT

3628 PRINT * 2 MUSLE ONLY ": PRINT

34638 PRINT " 3 LOADING FACTORS ONLY ": PRINT : PRINT

3878 INPUT "OPTION NUMBER =7";NOZ(1): PRINT

3888 TCx = 1

3898 REM

3788 REM {< WRITE RG2 >>>

3%18 REM

3928 RSX(2) = RIX + 1: REM RSX(1) IS THE STARTING RECORD NUMBER FOR T
HE I TH GROUP

3938 R4 = RSX{2)

3948 K = 1

3958 FOR I =8 TO TCx - |

3948 BX = FLXA ¥ (K - D

3978 PRINT D$;"WRITE"ID$",R"R%",B"B#

3988 PRINT NOZC(D

3998 K = K + 1

4888 IF K > RLXA / FLX THEN RA = RA + 1

4018 IF K > RLA v FLX THEN K = K - RLX / FLX

4828 NEXT 1

4838 PRINT D%

4848 RGX(2) = R/A - RIY: REM RG4(I> = NO. OF RECORDS IN THE I TH GROU

P

4858 RIZ = RMX: REM RIX = RECORD INDEX MNUMBER
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4858 REM

4878 REM {<{ READ RG2Z 3>>>

4888 REM

4898 RX = RSA(2I:TCA = 5

4180 K = 1 '

4118 FOR I = @ TO TCX -~ |

4120 BX = FLA ¥ (K - D

4138 PRINT D$;"READ"ID$" ,R"RXL" ,B"BX
414@ INPUT NOXC(ID

4158 K = K + |

4168 IF K > RLA / FLA THEN R4 = R/ + |
4178 IF K > RLA /7 FLX THEN K = K = RLX / FLXZ
4188 NEXT I

4198 PRINT D%

4208 REM
4218 REM <<< OUTPUT RG2 2>>2
4228 REM

4222 ON PCX GOTO 4230,4224

4224 GOSUB 12935: REM PRINTER CODE 1

4238 PRINT : PRINT : PRINT "X¥X RECORD GROUP 2 XXX": PRINT : PRINT
4248 PRINT "CALCULATION OPTIONS": PRINT

4268 PRINT NOX< 1)

4288 PRINT

4282 GOSUB 12945: REM PRINTER CODE 2

4298 RETURN

4368 REM XXXXXXAXXXAXXXXE

4316 REM ¥ SUB: RG3 ¥

4328 REM XXXXXXAXEXXXXXX

4336 REM

4348 REM RG3 CONTAINS THE LANDUSE AREAS OF THE SUB-WATERSHEDS
43568 NRZ = NSUBX:NCX = NTYPEX:UN$ = "ACRES":TITLE$% = "LAND USE AREAS"
4368 NUX = NCx:FLAL = F1/4A(3 V

4378 ON PTZ GOTO 4448,4728,4449

4388 REM

43%8 REM << INPUT RG3 52>

4468 REM

4419 REM

4428 REM <<{LGOSUB:INPUT TO ARRAY>>>
4438 REM

4448 GOSUB 18246

4450 FOR I = { TO NRY

4468 FOR J = 1 TO NCX

4478 LARCI ,J) = ARCI, N

4480 NEXT J

4498 NEXT I

4568 REM  <<< WRITE: RG3 >>>

4518 REM

4520 IF PT% = 3 THEN RI1¥% = RSZ(3) - |
4538 RSY(3) = RI% + 1

4548 R/ = RS/(3)

4550 K = 1

4548 FOR L = | TO NR%

4578 FOR J = 1 TO NC%

4588 BY = FLZ %X (K - 1)

4598 PRINT D$;"WRITE"ID$",R"R%",B"B%
4488 PRINT LARCL,J)

4410 K = K + 1

4626 IF K > RL¥ / FL% THEN R% = RV + 1
4638 1F K > RL% / FL% THEN K = K — RL% / FL%
4648 NEXT J
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4458
4440
44678
4488@
4498
4764
4718
4726
4738
4748
4750
4748
4776
478@
4798
4886
48186
4826
4830
48449
48546
4848
4862
4878
4888
4890
4766
49401
4982
4983
4964
4903
4984
4987
4968
4989
4718
4911
4912
4913
4914
4920
4948
, 192
ARCL
4942
6,49
4944
4948
4978
4975
4988
4996
Se6e
Seia
5029
Sa3a
5046
5854a
Sase

PRINT D%

NEXT L
RG¥(3) = RA - RIA

RIA = RX

REM

REM {<{{ READ: RG3 23>
REM

RAZ = RSA(3) 1K = |}

FOR L = 1 TO NRY
FOR J = 1 TO NC
BX = FLX ¥ (K - I

PRINT D$;"READ"ID$",R"R/",B"BX

INPUT LARCL,J)

K=K+ 1

IF K > RL% / FLY THEN R% = R% + 1

IF K> RLY / FLY THEN K = K - RLY / FLY%
NEXT J

PRINT D%

NEXT L

REM

REM  <<< OUTPUT: RG3 >>>

REM

IF PCX = 2 THEN GOSUB 12955

HOME

PRINT : PRINT : PRINT "¥XXRECORD GROUP 3 X¥% *": PRINT : PRINT
HOME

PRINT “LAND USE AREAS": PRINT

ON PCX GOTO 4902,4914

FOR L = 1 TO NR%: PRINT “SW ";L
Ki = 1

FOR J = 1 TO NCX

PRINT TABC K1) jLARCL,J)

K1l = K1 + &

IF K1 ¢ 46 GOTO 4%91@

PRINT
Kl =1

NEXT J

PRINT

NEXT L

GOTO 4988

FOR L = 1 TO NR¥

PRINT : PRINT "SW: ";L

POKE 2&,7: PRINT LARC(L, 1) ;: POKE 36,13: PRINT LARC(L,2);: POKE 34
PRINT LAR(L,3>;: POKE 36,25: PRINT LAR(L,4);: POKE 36,31: PRINT L

33

POKE 36,37: PRINT LAR(L,&);: POKE 34,43: PRINT LAR(L,?);: POKE 3
: PRINT LaR(L,8);: POKE 346,35: PRINT LARCL,? ;

FOKE 34,61: PRINT LAR(L,18);: POKE 36,87: PRINT LAR(L,11);

PRINT

NEXT L

GOsSUB 129485: REM PRINTER CODE 2
RETURNM

REM XXXXXXXEXXXXXXXXXEXRXX

REM {{{ SUB: RG4 >>>

REM XXXXXXXXXXXXXXXXXXXXX

REM

REM RG4 CONTARINS THE RARINFALL FACTOR R
ON PTY GOTO Se8a,5248,588a0

REM
REM << INPUT: RG4 222
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"

5878 REM

Sege HOME

Sev@a PRINT ° ¥%¥¥ RAINFALL FACTOR X¥¥": PRINT : PRINT
5188 INPUT "RAINFALL FACTOR=?";RF

5118 REM

S1280 REM <{{ WRITE:RGA >>>
5138 REM

3148 RSZ(4) = RIA + 1:R% = RSX(4)
51586 BX = @

3148 PRINT D#;"WRITE"ID$" ,R"RXA",B"BA
5178 PRINT RF

3188 PRINT Ds

3198 RGZ(4) = R4 - RI%Z

52088 RIX = RA

5218 REM

5228 REM {<{{ READ:RG4 >>>
523¢ REM

5248 RA = RSY{(4)

5258 BZ = @

5248 PRINT D$;"READ"ID$",R"R%",B"BX
5278 INPUT RF
5286 PRINT D$

52?8 REM
5368 REM {<< OUTPUT:RG4>>>
5318 REM

3312 ON PCX GOTO 5328,35314

5314 GOSUB 12955: REM PRINTER CODE 1

53280 PRINT : PRINT : PRINT "%%X*¥ RECORD GROUP 4 XXx": PRINT & PRINT
5338 FPRINT "RAINFALL FACTOR = "j;RF: PRINT

5335 GOSUB 12945: REM PRINTER CODE 2

9348 RETURN

0358 REM  XXXXXXXXXXXXXEXXXX

9368 REM <{< SUB:IRGS >>>

5378 REM EXXXXXEXEXAXREXRREXAXX

5386 REM

5398 REM RGS CONTAINS ERODIBILITY FACTORS FOR FOREST AND AGRICULTURA
L LAND USE .

5480 NRX = NSUBZX:NCAX = NTYPEX:UN$ = "TONS/ACRE-/R UNIT ":TITLE$ = "SOIL
ERODIBILITY FACTOR":NUX = &:FLXA = F14(S)

S418 ON PT4 GOTO S5450,5710,5720

5420 REM

9438 REM {<< INPUT: RGS 22>
5448 REM

5458 GOSUB 18246

34948 FOR I = 1 TO NRX

5476 FOR J = {1 TO NUX

5480 KF(I,J> = ARCI,J)

5498 NEXT J

5568 NEXT I

5518 REM <<< WRITE: RGS >>>
5528 REM

55368 RS%(5) = RIZ + 1:RY = RSA(S)
5548 K = 1:NF% = RLY% / FL%

55580 FOR I = 1 TO NR%

5568 FOR J = 1 TO NUZ

5578 BX = FLX ¥ (K - 1)

5588 PRINT D$;"WRITE"ID$",R"RX",B"BX
5598 PRINT KFCI, D

S608 K = K + 1

5616 IF K > NFZ THEN R/ = R/ + |
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S620 IF K > NFX THEN K = K - NFY%

54638 NEXT J

5448 PRINT D%

545@ NEXT 1

5668 RGX(S) = R% - RI¥%

5678 RI% = R%

5488 REM :

5698 REM << READ:RGS >>>

5700 REM

5718 R4 = RSY4(5):K = 1:NF% = RLY / FLX
5720 FOR I = 1 TO NRY

S738 FOR J = 1 TO NUX

5740 B% = FLY% ¥ (K - 1)

5758 PRINT D$;"READ"ID$",R"RX",B"BY
5748 INPUT KF(I,J)

5778 K = K + 1

5788 IF K > NFY% THEN RY = R/ + -1

5798 IF K > NF% THEN K = K - NFY%

5888 NEXT J

5818 PRINT D$

5828 NEXT I

5838 REM

5848 REM ¢<< OUTPUT: RGS >>>

5858 REM

5852 ON PCX GOTO 5848,5854

5854 GOSUB 12955: REM PRINTER CODE 1
5868 PRINT : PRINT : PRINT "%%¥ RECORD GROUP 5 ¥%%": PRINT : PRINT
5878 PRINT "ERODIBILITY FACTOR“: PRINT
$888 PRINT

Sg98 FOR I = 1 TO NRX

5988 PRINT "SW *;I;" "y

5918 FOR J = 1 TO NUX

5928 PRINT KF(I,J) ;" *;

5938 NEXT J

5948 PRINT

5950 NEXT I

5955 GOSUB 12965: REM PRINTER CODE 2
5948 RETURN

5978 REM XXXXXXXXXXXAXXAX

5980 REM <<< SUB:RGS >>>

5998 REM XXXXXXXXXXXXXXXX

6888 REM RGé CONTAINS LENGTH FACTORS FOR FOREST AND AGRICULTURAL LAN
D USES

6818 REM

4828 NRY = NSUBY:NCX = NTYPEX:UN$ = "NONE ":TITLE$ = * LENGTH FACTOR "
6838 NUZ = &:NF% = RLY% / FL%

4848 ON PTY GOTO 8680,4358,4080

6856 REM

4048 REM <<< INPUT: RG& >>>

6870 REM

4688 GOSUB 18248

6898 FOR I = 1 TO NRX

41868 FOR J = 1 TO NU¥

6118 LF(I,J) = ARCI,D

6128 NEXT J

61380 NEXT 1

6148 REM

6158 REM <<¢< WRITE: RGBS >>>

6148 REM
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6178 RSX(&) RIX + 1:R%4 = RSXA(&)

61886 K = |

4198 FOR I = 1 TO NRX
6200 FOR J = 1 TO NUX
4218 B4 = FLXA ¥ (K - D

6226 PRINT Ds;"WRITE"ID%",R"RX" ,B"BX
6238 PRINT LF(1,J)

6248 K = K + |

4258 IF K > NFX THEN RX = R4 + |
42488 IF K > NF4 THEN K = K = NFX
4278 NEXT Jd

4288 PRINT D%

4298 NEXT 1

6308 RG/(&8) = RA - RIXZ

6318 RIZ = R4

43280 REM
6338 REM {{{READ: RG& 2>>>
6348 REM

6358 RY = RSX(& K =1

6348 FOR I = 1 TO NR%

6378 FOR J = 1 TO NUZ

6388 B4 = FLA %X (K - D

6390 PRINT D$;"READ"ID$" ,R"RX" ,B"BX
4488 INPUT LF(I,D

6418 K = K + |

6428 IF K > NF4 THEN R/ = R/ + 1
6438 IF K > NFXA THEN K = K - NF4
6448 NEXT J

4458 PRINT D%

464488 NEXT 1

4478 REM
4488 REM {<{< OUTPUT: RG& 222
4498 REM

4492 ON PCX GOTO &50@,4494

6494 GOSUB 12955: REM PRINTER CODE 1

4368 PRINT : PRINT : PRINT "X¥¥ RECORD GROUP & XX¥": PRINT : PRINT
6318 PRINT "LENGTH FACTOR": PRINT

4528 FOR I = 1 TO NR%Z

453@ PRINT "SW ";I;" "
4548 FOR J = 1 TO NU%
4558 PRINT LFCI,D ;" "

6368 NEXT J

4578  PRINT

4588 NEXT 1

4398 PRINT

6395 GOSuUB 12945: REM PRINTER CODE 2

4688 RETURN

6618 REM XXXXXXXXXXEXXXEXX

6428 REM {<{< 8sUB: RG7 >>>

4438 REM XXXXEXXXXAXXXXXXX

64648 REM RG7 CONTAINS SLOPE FACTORS FOR FOREST AND AGRICULTURAL LAND
USE

6458 REM

4648 NRYZ = NSUBY:NCY = NTYPEX:UN$ = "NONE":TITLE$ = "SLOPE FACTOR"
6678 NU% = 6:FLY = F1%4(7) :NF% = RLX% / FLX

6488 ON PT% GOTO &720,6898,4898

64698 REM

6780 REM <<< INPUT: RG? >>>

6718 REM

4728 GOsuB 18248
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4738 FOR I 1 TO NR%
&748 FOR J 1 TO NUx
4758 SF(I,J) = AR(I,D
6788 NEXT J

6778 NEXT I

6788 REM <{<{ WRITE: RG7 >>>
6798 REM

6886 RSX(7?) = RIX + 1
6818 R = RSXK(7

6828 K = |

6836 GOSUB 18480

6848 RG/(7) = R4 - RI%
6838 RIA = R%

48468 REM
6878 REM {{< READ: RG?7 22>
6888 REM

4898 R = RSX(7):K = |
4966 GOSUB 18618

6718 FOR I = 1 TO NRX
4928 FOR J = 1 TO NUX
6938 SF(I,J) = AR(I,dN
6948 NEXT J

6958 NEXT I

4948 REM
6978 REM <{{ OUTPUT:RG? 25>
46788 REM

6998 G4 = 7:TITLE$® = "SLOPE FACTOR":NUX = &

78060 GOSUB 18779

7818 RETURN

78020 REM EXXXXEXXXAXEXXXXX

7838 REM {{< SUB: RG8 2>>>

7848 REM  XXXXXXXXXXXXXXXXX

7858 REM RG8 CONTAINS COVER FACTOR FOR FOREST AND AGRICULTURAL LAND
UsSE

7846 REM

7878 NR% NSUBZ::NCZ = NTYPEZ:UN$ = "NONE":TITLE$ = "COVER FACTOR "
7880 NUX = &:FLY% = F17(8) :NFX = RLX / FL%

7898 ON PTX GOTO 7136,7320,7138

718@ REM
7118 REM <<<{ INPUT: RGS8 >>>
71280 REM

7138 GOSUB 18249

7148 FOR I = | TO NR%
7156 FOR J = 1 TO NUX
7188 CF(I,J) = ARCI, D
7178 NEXT J

7188 NEXT 1

7198 REM
7288 REM {{{ WRITE: RG8 >>>
7218 REM

7228 RSZ(8 = RIZ + 1
7238 RA = RS/

7248 K =

7248 GOSUB 184806

7278 RGY(8) = R¥ - RIX
7288 RIZA = RA

7298 REM
7389 REM {{{ READ: RG8 23>
7318 REM

7328 R/ = RSX(8):K = 1
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7330 K = 1:NU% = &:NF% = RLY / FLX%
7348 GOSUB 10410

7358 FOR I = 1 TO NRX

73468 FOR J = 1 TO NUX

7378 CF(1,0> = AR(I,D

7388 NEXT J

7398 NEXT 1

7400 MFY = 1

7418 REM
7428 REM {{< OUTPUT: RGE8 >>>
7438 REM

7448 G4 = 8:TITLE$ = "COVER FACTOR":NUX = 6

7458 GOSuB 18778

74968 RETURN

74786 REM XXXXXEXXEXXXXEXX

74868 REM {<{ SUB: RG? >2>>

7478 REM XXXXXXXXXEXEXXXX

758@ REM

7518 REM RGY CONTAINS PRACTICES FACTOR FOR FOREST AND AGRICULTURAL L
AND USE

7528 REM

7338 NR% NSUBZ:NCX = NTYPEX:UN$ = "NONE":TITLE® = "PRACTICES FACTOR

7548 NUX = &:FLX% = F14(9):NFX = RLY / FLX
7358 OMN PTX GOTO 7598,7778,75%@

7548 REM
7378 REM <<< INPUT: RG? >>>
7388 REM

7598 GOSUB 1@24@

7688 FOR I = 1 TO NRX
7618 FOR J = | TO NUX4
78628 PF(I,J) = AR(I,J
7638 NEXT J

7448 NEXT I

7658 REM
7468 REM << WRITE: RG? >>>
7678 REM

7488 RS%(%?) = RIX + 1
7698 R4 = RSA(?

7780 K = 1

7718 GOSUB 18484

7728 RGZ(9) = R4 - RI%
7738 RIYZ = R4

7748 REM
7758 REM {{<{ READ:iR82-R?4 >>>
7788 PREM

7776 RA = RS/(9):K = 1
7780 GOSUB 18410

7798 FOR I = 1 TO NR%
7800 FOR J = 1 TO NUX
7818 PFC(I, 00 = ARCI,D)
7820 NEXT J

7838 NEXT I

7848 REM
7858 REM <K< QUTPUT: RGY® 222
7868 REM

7878 64 = ¢:TITLE$® = "PRACTICES FACTOR":NUX = &
7888 GOSuB l1erre

7898 RETURN

77880 REM XXEXXEXXRXEXXARAXRXXRXH
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7918
7928
7936

REM
REM

REM RG18 CONTAINS SEDIMENT DELIVERY RATIOS FOR FOREST AND AGRIC

<< SUB: RGi8 >>>
E333 3233333333333 3335

ULTURAL LAND USE

7948 REM

7938 NRY = NSUBZ:NCX = NTYPEX:UN$ = “NONE":TITLE$ = "SEDIMENT DELIVERY
RATIO"

7988 NUA = S:FLX = F1X(18) :NFX = RLAL / FLA

7978 ON PTX GOTO 8@18,8176,80810

7986 REM

79968 REM {<{ INPUT: RG18 22>

8088 REM

8e1@ GOSUB 16249

8828 FOR I = 1 TO NRX

8838 FOR J = | TO NUX

8848 SD(I1,J) = ARCI,N

8858 NEXT J

88488 NEXT 1

g8e78 REM ,

8888 REM << WRITE: RG18 2>>>

8898 REM

816868 RSX(18) = RIA + 1

8110 R/ = RSA(18)

81280 K = 1

81380 GOSUB 16400

8148 RGx(186) = R - RIA

81358 RIX = R4

8148 REM

8178 REM << READ: RGila >>>

8188 REM

8198 RA = RS/(18):K = |

8266 GOSUB 18410

B218 FOR I = 1 TO NRX

8226 FOR J = 1 TO NUX

8238 SD(I,J) = ARC(I,J)

8246 NEXT J

8258 NEXT 1

8248 REM

8278 REM {{{ OUTPUT: RG18 2>>>

8280 REM

8298 G+ = 10:TITLE$ = "SEDIMENT DELIVERY RATIO"

8384 GOSUB 18776

8316 RETURN

83280 REM XXXXXEXXXXEXXXXXRXXX

g338 REM {{< SUB: RG1{ >>>

8348 REM XXXXXEXXXXEXXXEXXXKX

8358 REM

8348 REM RG!11 CONTAINS CONSTANTS FOR NITROGEN CALCULATION
8378 REM

8388 FL¥% = F1X4(11):NFX = RLX / FLXA

8399 ON PTX GOTO 8428,8718,8420

8488 REM

84168 REM {<{< INPUT: RG11 22>

84280 HOME

8438 PRINT "¥¥%¥ NITROGEN PARAMETERS X¥X": PRINT : PRINT
8448 INPUT "TOTAL NITROGEN CONCENTRATION IN SOIL <(G/1@68 G) = ?";RC(L
8458 INPUT "ENRICHMENT RATIO = ?";RC(2)

8440 INPUT "OUVERLAND FLOW FROM RAIN (INAYEAR) = ?";RC(3I
8478 INPUT "NITROGEN LOAD IN RAIN (LB/ACREAYEAR) = ?";RC(4)
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8488 INPUT "TOTAL RAIN = ?';RC(D
8428 INPUT "(AVAILABLE/TOTAL) NITROGEN IN SEDIMENT = ?";RC(&
8588 RC(7) = @

8318 REM
8528 REM (<< WRITE: RG11 >>>
8538 REM

85486 RSACI1) = RIA + 1

835508 RX = RSZ(11):K = |

8588 K = 1:NFX = RLXA / FLA:NUX = &
8578 FOR J = 1 TO NUX

8588 BX = FLZA ¥ (K - D

85980 PRINT D$;"WRITE"ID$",R"RX",B"B4
8668 PRINT RC(D

8618 K =K + 1

8628 IF K > NFX THEN RZ = R/ + 1
8638 IF K > NFX THEN K = K - NFX
8648 NEXT J

84658 PRINT D3

8668 RGX(11) = R4 ~ RIX

8678 RIX = R

84868 REM
8498 REM {<{{ READ: RG11 23>
8788 REM

8718 RA = RSZ{ID K =1

8728 FOR J = 1 TO NU~

8738 B/ = FLA X (K - 1)

8748 PRINT D$;"READ"ID$",R"RX" ,B"BX
8756 INPUT RC(J)

8748 K =K +

8778 IF K > NFA THEN R/ = RA + |
8788 IF K > NFZX THEN K = K = NFX
8798 NEXT J

8808 CNT = RC(1D) RN = RC{2):0LF = RC(3 :Nl = RC(4) :RAIN = RC(3) :Fl1l = R
C(&

8818 PRINT D%

8828 REM
8838 REM {{< OUTPUT: RGIi1 22>
8848 REM

8842 ON PCxX GOTO 8856,88448

8846 GOSUB 12935: REM PRINTER CODE 1

885@ PRINT : PRINT : PRINT "¥x¥ RECORD GROUP 11 XX¥": PRINT : PRINT
88468 PRINT " MITROGEN PARAMETERS": PRINT

8878 PRINT "TOTAL NITROGEN CONCENTRATION IN SQIL =";CNT;" (G-/1a6 G"

88868 PRINT "ENRICHMENT RATIO =";RN

8898 PRINT "OVERLAND FLOW FROM RAIN =";;0LF;"(IN/YEAR) 2
8968 PRINT "MNITROGEN LOAD IN RAIN =";N1;" (LB/ACRE/YEAR) "
8718 PRINT "TOTAL RAIN = ";RAIN;" (IN/YEAR)"

8920 PRINT "(AVAILABLE/TOTAL) NITROGEN IN SEDIMENT -";Fl
8925 GOSUB 12945: REM PRINTER CODE 2

89380 RETURN

8748 REM XXXXXFXEXXXXEXEEXXXXRARX

8956 REM {{({ SUB: RG1Z2 >>>
8788 REM XEXXXXXXXXAXXAXXXAXXXAXX
8978 REM

8988 REM RG12 CONTAINS CONTENTS FOR PHOSPHORQUS CALCULATIONS
8998 REM

7808 FLX = FlA(12) i:NFA = RLA 7 FLA

7818 ON PTXA GOTO 98286,92408,9828

6280 HOME
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7838 PRINT "¥%XX PHOSPHOROUS PARAMETERS XX¥X": PRINT : PRINT

?84@ INPUT "TOTAL PHOSPHOROUS CONCENTRATION IN SOIL (G/188G> =?";PC(1
J: PRINT

76568 INPUT "PHOSPHOROUS ENRICHMENT RATIO = ?";PC{2): PRINT

78488 INPUT " (AVAILABLE/TOTAL) PHOSPHOROUS IN SOIL = ?";PC(3): PRINT

9878 REM
888 REM << WRITE: RG12Z >>>
2898 REM

?168 RS/(12) = RIZA + 1

7110 RA = RSX(12):K = 1

21268 FOR J =1 TO 3

9138 BA = FLXA ¥ (K - 1)

2148 PRINT D$;"WRITE"ID$" ,R"RX" ,B"BX%
2158 PRINT PC(D

2148 K= K + 1

P178 IF K > NFZ THEN RZ = R% + 1
?188 IF K > NF4 THEN K = K - NFX
?198 NEXT J

2288 PRINT D%

9218 RG/A(12) = R4 - RIX

9228 RlA = R4

9238 REM
$246 REM << READ: RG12 22>
?250 REM

9248 RA = RSV(12Y:K = |

276 FOR J =1 TO 3

9288 B4 = FLA ¥ (K - D

?298 PRINT D#;"READ"ID$" ,R"RX" ,B"BX
2388 INPUT PC<(I)

9318 K = K + 1

?328 IF K > NFZ THEN RA = R4 + 1
$3380 IF K > NFX THEN K = K - NFX
2348 NEXT J

$35@ PRINT D%

Y368 REM
378 REM {{< OUTPUT: RGI1Z 22>
9388 REM

£382 ON PCY GOTO ?3%90,9384

384 GOSUB 12955: REM PRINTER CODE 1

$398 PRINT : PRINT : PRINT “X%XX¥ RECORD GROUP 12 XXX":; PRINT : PRINT
#4866 PRINT "PHOSPHOROUS PARAMETERS": PRINT

?418 PRINT "TOTAL PHOSPHOROUS CONCENTRATION IN SOIL= ";PC(1) ;" G-/1aa
G ":

2428 PRINT "PHOSPHORQUS ENRICHMENT RATIO = ";PC(2)

2438 PRINT "(AVAILABLE/TOTAL> PHOSPHOROUS IM SOIL = ";PC(3)

?440 PRINT

?445 GOSUB 12943: REM PRINTER CODE 2
24580 RETURN

P448 REM XXXAXEXXXXAXXEXXRXXXEXXXX

9478 REM X% SuUB: RG13 ¥

2488 REM XXXXXXEEAXEXXEXXXXXXEAARX

2498 REM

2?5608 REM RG13 CONTAINS CONSTANTS FOR ORGANIC MATTER CALCULATIONS
518 REM '

9528 FLX = Fi/4(13) :NFX = RLX 7 FLX%

9538 ON PTX GOTO 9548,9778,9548

9548 HOME

?558 PRINT "%%¥X%X ORGANIC MATTER PARAMETERS X¥X": PRINT : FPRINT

95460 INPUT "ORGAMIC MATTER CONCENTRATION OF SOIL (G/188G) =2";0MC1):
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Y578
2588
7598
2488
7s18
9628
P438
7448
76506
24640
P678@
P488
24706
?7ea
9718
?720
F734d
2748
?75a
?7460
erve
2780
?776
2800
¥810
2824
7830
98408
¢850
2860
y878@
7880
»8%4
9892
28%4
?vaa
?710
9920
7230
29440
2945
79350
b -1
970
97846
9990
ieeao
16018
16620
18839
ige4a
1sasa
10040
iee7oe
laega
16698
101086
18110
181260
tai13a@

INPUT "ORGANIC MATTER ENRICHMENT RATIO = 7" ;0M(2)

REM
REM << WRITE: RG13 >>>
REM
RSZ(13) = RIA + 1
R4 = R8A(13):K = |
FOR J =170 2
BxX = FLXZ ¥ (K = 1)
PRINT D$;"WRITE"ID%" ,R"“R%",B"B~
PRINT OM{D
K=K+ 1
IF K > NFZ THEN RZ = R/ + 1
IF K > NFZ THEN K = K - NFZ
NEXT J
PRINT D%
RG#( 13> = R4 - RIX
R1¥ = RX
REM
REM << READ : RGI3 2>>>
REM
RA = RSACID K = |
FOR J =170 2
B = FLX ¥ (K- D
PRINT D#%;"READ"ID%" ,R"RX",B"BX
INPUT QMDD
K=K+ 1
IF K > NF THEN RA = RN + 1
IF K > NFX THEN K = K - NFX
NEXT J
PRINT D%
REM
REM <{{ OUTPUT: RG13 >>>
REM
ON PCX GOTO 9968,9894
GOSUB 12955: REM PRINTER CODE 1t

PRINT : PRINT : PRINT "¥X%XX RECORD GROUP 13 X%%": PRINT
PRINT "ORGAMNIC MATTER PARAMETERS": PRINT
PRINT "ORGANIC MATTER CONCENTRATION OF SOQIL = "3j0MC1)

PRINT "ORGAMIC MATTER ENRICHMENT RATIO = *;0M(2)

PRINT

GOSUB 1294S5: REM PRINTER CODE 2

RETURN

REM XXXXEXXXXXXXXEXXXXRRKAX
REM X SUB:RG14 ¥

REM XXXXXXXEXAXXXXXEX

REM

REM RG14 CONTAINS LOADING FACTORS

REM

FLX = F1X4(14) :NF¥Z = RLX /7 FLZ
ON PTZ GOTO t0e7e, 16156, 10670
REM

REM << INPUT: RG14 >2>>
REM

GosuB 11438

REM

REM << WRITE: RG14 >>>
REM

GOSUB 118186

REM

REM <{<{ READ: RG14 23>
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16140
18150
18158
16170
te1ge
fa176
16200
taz1ie
18226
18238
18248
18258
18248
19278
18280
16298
183@08
18318
16328
10338
18348
18345
18358
18348
16370
la3sa
18390
1a4e8
18410
18420
18438
18450
18498
165606
1851a
18520
18538
185480
18558
18548
18578a
186580

16598 -

18é68
igs1e
18420
18438
1as40
18458
18668
18678
1asge
184786
18760
187140
18720
18738
16748
18750
16748

K=K

REM
GOSuUB 12wvee

REM << OUTPUT: RG14 32>

GOsSUB 12148

RETURN

REM XXXXXXXXXARXXEXXXXNRX

REM <<< SUB:INPUT TO ARRAY >33

REM EXXXXEXXXEXARXXXXXRXE

PRINT : PRINT

PRINT " ¥¥¥%¥ INPUT :SUB-WATERSHED %¥¥":
PRINT TITLE$: PRINT

PRINT "INPUT IN UMITS OF ";UN$: PRINT :
FOR I = 1 TO NRX

PRINT

PRINT

PRINT "¥%%¥ SUB-WATERSHED ";I;" ¥X%¥": PRINT

FOR J = 1 TO NC%

PRINT SW$(J) ;" = ";

INPUT ARCI,J

IF J = NUX GOTD 18350
NEXT J

PRINT

NEXT 1

RETURN

REM XXXXXXXXXXAXNXXXEXRRK
REM <<< SUB:WRITE RECORDS>>>
REM  XXXXEXXXXXEXRXNEXANKRK
FOR I = 1 TO NR%

FOR J = 1 TO NCX

BZ = FLA ¥ (K -~ 1D

PRINT D$;"WRITE"1D%" ,R"RX" ,B"BX%
PRINT ARCI, D
K=K+ 1
IF K > NFZ THEN RX = RxX + 1
IF K > NFX THEN K = K - NFX
IF J = NUX THEN GOTO 18548
NEXT J
PRINT D%
NEXT 1
MFZ = 1
RETURN
REM EXXXXXEXXXEXXEAXKXXEX
REM <<< SUB:READ RECORDS 22>
REM XXXXXXAXEXXXXXAXLXAXXK
FOR I = 1 TO NR%
FOR J = 1 TO NCX
BA = FLA ¥ (K - D

PRINT D% ;"READ"ID$",R"R%X",B"BY%
INPUT ARCI, D

i

RLZ / FLZ THEN R%Z = R%Z + 1

RLZ # FL% THEN K = K - RL% / FL%
NU% GOTO 18718

IF K
IF K
IF J
NEXT
PRINT D%

NEXT 1

RETURN

REM  XXXXXXXXXEXAXXAXXXXXE

REM (<< SUB: OUTPUT RECORDS>2>>
REM ZEXXXXXXXXEEXEXXXAXEXXX
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18778 IF PCX = 2 THEN GOSUB 12955: REM PRINTER CODE
16778 PRINT : PRINT : PRINT "X¥¥ RECORD GROUP " ;G¥;" ¥XX": PRINT
: PRINT

18779 PRINT TITLE$: PRINT

18786 ON PCYX GOTO 18782,10794

16782 FOR I = { TO NCX: PRINT "SW ";I

10783 Kt = 1

16784 FOR J = 1 TO NC¥

18785 PRINT TAB( K1) ;ARCI,J) ;

16786 IF J = NUY GOTO 1679@

18787 K1 = K1 + &

16788 IF K1 > 48 THEN Ki = |

18789 NEXT J

16798 PRINT

16791 NEXT I

16792 PRINT

18793 GOTO 10880

16794 FOR I = 1 TO NRY

10808 PRINT "SW “;I

16828 POKE 34,7: PRINT AR(1,1);: POKE 36,13: PRINT AR(I,2);: POKE 34,
19: PRINT ARCI,3)3: POKE 36,25: PRINT ARCI,4Y;: POKE 36,31: PRINT AR(I
,5) 3t POKE 36,37: PRINT AR(I,&) ;

10821 IF NUZ = & GOTO 10856

16822 POKE 36,43: PRINT AR(I,7);: POKE 34,4%: PRINT AR(I,8) ;: POKE 34
,55: PRINT AR(I,®); :

16824 POKE 36,61: PRINT ARCI,18)j: POKE 36,467: PRINT ARCI,11);

168560 PRINT

16868 NEXT I

18878 PRINT

18875 GBGOSUB 12945: REM PRINTER CODE 2

18888 RETURN

16858 REM EXEXXXXXXXXXXERX
18908 REM ¥ SUB: CHANGE PARAMETERS X
18918 REM EEXEXXXXXAXAXXXXKEXK RN XX

16920 REM DISPLAY EDITING CHOICES
16936 HOME
186948 PRINT "X%¥X PARAMETER GROUPS XXX": PRINT : PRINT

199580 PRINT " @ FILE DESCRIPTION "
16958 PRINT " 1 CALCULATION OPTICONS"
18978 PRINT " 2 LAND USE AREAS"

18988 PRINT " 3 RAINFALL FACTORS"

18998 PRINT " 4 ERODIBILITY FACTORS"
11888 PRINT " & LENGTH FACTURS"

1118 PRINT " & SLOPE FACTORS"

11828 PRINT " 7 COVER FACTORS"

11838 PRINT * 8 PRACTICES FACTORS"
11@48 PRINT " ¢ SEDIMENT DELIVERY RATIOS"
11858 PRINT " 18 NITROGEMN PARAMETERS"
11648 PRINT " {1 PHOSPHOROUS PARAMETERS"

11é780 PRINT " 12 ORGANIC PARAMETERS "
11688 PRINT " 13 LOADING FACTORS®
11898 PRINT

11188 INPUT "CHANGE NUMBER = 7" ;CNA
11118 CNX = CNA + 1

11128 REM
11138 REM {<{< GOSUB:CHOOSE DAT ARRAY CHANGE METHOD >>>
11148 REM

11156 GOSUB 11328
11188 REM LOAD APPROPRIATE VALUES FOR RECORD INDEX RIXZ
11176 IF ACX = 1 GOTO 11248
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11188 RIZ% = RSA(CNA) - |

11170
11288

REM :
ON CNY GOSUB 2448,3598,435@,58808,5460,4028,4640,7070,7538,7958,

83%0,%010,9530, 18026

11218
N "
11228
112308
11235
11240
112880
11290
11360
11310
11328
113286
11348
11358
11368
11378
11388
11398
11480
11418
11428
11438
114448
11458
11448
11478
114886
11498
11508
t151a@
11528
11536
11540
11358
11548
11578
11580
11598
11408
11618
114620
11638
11444
11458
11640
11678
114880
NT

114%86
11760
11718
11720
11738
11748
11756
11760

PRINT "DO YOU WANT TO CHANGE ANUOTHER SET OF PARAMETERS 7 ( Y OR
FPRINT

INPUT A%

IF 4% = "Y" GOTO 18930

GOTO 113g6

GOSUB 12388: REM CHANGE SINGLE ELEMENT
RETURN

REM t33333333 3333333323833
REM ¥ 8SuUB: CHOOSE DATA RRAY CHANGE METHOD X%
REM FXXXAXXXAXEXXXXXXAXEAREAREXAXEXXREXAERARXX X
IF CNZ% ¢ 3 OR CNX = 4 GOTO 11386

IF CNZ > = 11 AND CNX < = 13 GOTO 11388
PRINT "OPTIONS:"

PRINT * I CHANGE SINGLE ELEMENT IN ARRAY"
PRINT " 2 CHANGE ENTIRE DATA ARRAY": PRINT
INPUT "OPTION NUMBER = ?";ACK

RETURN

REM X¥XXXXEXEXXNXNXNXNX

REM ¥ SUB: RG14 INPUT X

REM XXXXXXXXXXXXXXXXEXXRXX

REM

HOME

PRINT "¥%%¥ LOADING FACTORS ¥%X": PRINT : PRINT
PRINT "OPTIONS:"

PRINT * | AUTOMATIC LOADING OF STORED VALUES °
PRINT * 2 DIRECT INPUT FROM KEYBOARD ": PRINT
INPUT "OPTION NUMBER = 2";A%

IF A% = 2 GOTO 114880

REM

REM AUTOMATICALLY READ DATA AND STORE IN ARRAY HF(I,J)
REM

pATA 1,2,3,4,5,6,7,8,9,18,11

DATA 12,13,14,15,16,17,18,19,208,21,22

DaTa 23,24,25,26,27,28,29,38,31,32,33

pATA 34,35,34,37,38,39,40,41,42,43,44

DATA 45,46,47,48,49,56,51,52,53,54,55

DATA S56,57,58,59,408,61,62,63,64,65,66

FOR I = { TO é

FOR J = 1 TO 11

READ HF(I,]

NEXT J

NEXT 1

GOTO 11770

REM

REM DIRECT INPUT FROM KEYBOARD

REM

PRINT "INPUT LOADING FACTORS USING UNITS OF LBS/ACRE/YEAR": PRI

REM

FORI =1T0 é
PRINT LF$C(ID
FOR J =1 T0 11}

PRINT " “;SW$CD ;" = *;
INPUT HF(I,J

NEXT J

NEXT 1
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11778
11706
11798
11868
iig1a
11820
11838
118480
118586
11848
11878
1188a
118%8
11768
11918
11920
11930
11948
119586
11940
1197a
11980
119980
12000
126106
120626
12838
12040
12830
120480
12876
12080
12698
121080
12118
121280
12128
12140
12138
12148
12162
12168
12176
12180
121980
12200
12218
12228
12230
12248
12258
12255
12248
122708
12288
122980
12380
12318
12328
12338

RETURN

REM  XXXXXXXXAXXXXXXXXXXX
REM % SUB:RG14 WRITE ¥
REM  ¥E¥XXXXXREXELXXEXREREXEXX
RSY(14) = RIZ + 1|
R% = RSX(14) :K = |

FOR I =1 T0 &

FOR J =1 TO 1t

BX = FLA ¥ (K - 1D

PRINT D$;"WRITE"ID®",R"RX",B"Bx
PRINT HF(1,J)
K=K+ 1

IF K > NFX THEN RX = R + 1
IF K > NFA THEN K = K - NF/
NEXT J
PRINT D¢
NEXT 1
RG¥ (14> = RX - RIX
RIZ = R«
RETURN
REM XXEXXRXXEEAXXXEEXEEXXRXNX
REM ¥ SUB:RG14 READ ¥
REM  XXXXEXXXXXXXXXXXXXXX
R4 = RSX(14):K = 1

FOR I = 1 TO &

FOR J=1TO 11

BZ = FLY ¥ (K - 1)

PRINT D$;"READ"ID$",R"R¥",B"BY

INPUT HFC(I, D
K=K+ 1

IF K > NFZ THEN RZ = RV + 1

IF K > NF¥Z THEN K = K - NFX

NEXT J

PRINT D$

NEXT 1

RETURN

REM ¥XX¥XXEXXXXEXNXEXRX¥

REM ¥ SUB:RG14 QUTPUT ¥

REM X¥¥XX¥XX¥XXEXEXNXNEXNX

ON PCX GOTO 12168,12182

GOSUB 12955: REM PRINTER CODE |

PRINT : PRINT : PRIMT "%¥¥RECORD GROUP 14 ¥¥¥": PRINT
PRINT “ LOADING FACTORS ": PRINT

FOR 1 =1 T0O &

PRINT LF$(I>

FOR J =1 TO 11

PRINT HFC¢I, D ;" s

NEXT J

PRINT

MNEXT I

PRINT

GOSUB 12945: REM PRINTER CODE ‘2

RETURN

REM XXXXEXXXXXXXXXFEXXRNENNERXX

REM ¥ SUB: CHMAGE SINGLE ELEMENT IN DATA ARRAY ¥
REM XXX EEEXK R RN KRR RA NN RN R RN RERRERERRERRENN
RI¥ = RSA(CNAD

PRINT "RECORD GROUP NUMBER " j;CN“: PRINT

PRINT "CHANGE ELEMENT (I,J> IN DATA ARRAY": PRINT
INPUT "ROW NUMBER = 2"3I11
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12348
12358
12348
12370
12388
RAY

12398
12400
1249@2
12410
12428
12422
12448
124350
12435
124356
124468
12446
124g@
124%8
125600
12518
12528
12530
125486
12558
12548
12578
12588

INPUT "COLUMM MNUMBER = ?";3;JJ
REM
REM CONVERT (1,J) TO RECORD <(R¥) AND FIELD (BX)> VALUES
REM
REM FIND CORRECT VALUES FOR NUMBER OF COLUMNS IN PARTICULAR AR
REM
Con =&
IF CN/4 = 3 OR CN/ = 14 THEN CO4 = 11
LNA = COZ % (I1 - 1D + JJ
FLA = F14ACONA
NFA = RLXA / FLX
RN = LNZ / NFZ4:RN = RN - .81
R = INT (RN) + RSA(CNA
AN = RN + .81 = INT (RND
BN = AN ¥ RLZ:CN = BN + .881 - FLX
B%Z = CN
BN = AN ¥ RLX
REM READ AND PRINT CURRENT VALUE
PRINT D$;"READ"ID$",R"R4A",B"BX

INPUT AA

PRINT D¢

PRINT “CURRENT VALUE OF ELEMENT (";I1I;*,";JJ;") = ";AA

PRINT

INPUT "NEW VALUE OF ELEMENT = ?";BB

PRIMT D%;"WRITE"ID$" ,R"RX" ,B"BA

PRINT BB

PRINT D%

INPUT "DO YOU WANT TO CHANGE ANOTHER ELEMENT IN THE SAME ARRAY

2 (Y OR ND " ;A$

125%40
12409
12950
12951
12952
12935
129358
12948
12982
12943
12945
12948

IF A¢ = "Y" GOTO 12320

RETURN
REM  XXXXXXKEXXEXXXXEEXXEEXEX
REM ¥ SUB: PRINTER CODE 1 ¥

REM ¥XXEXXXEXXEXXEXXXXXEXRXEXX

PRINT D#;"PR#1": PRINT I$;"7L": PRINT I$;"88N"
RETURN

REM XEXXXXXEEXXXERXXRAXXXREERKX

REM X SUB: PRINTER CODE 2 X

REM XXXXXXXXEXXAXXEXXXRRXXXXXX

PRINT D%;"PR#a"

RETURN
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ILIST

26000
208010
28020
20830
200448
28850
20670
200860
20099
20100
20118
20120
20130
28140
28156
Za1é8
20179
28 18a@
281%09
z2e2zaa
2ez21e
28228
28238
20248
28258
28240
28278
20280
28296
20309
28318
20328
20338
208348
28350
203680
28378
283860
26398
26409
20418
20420
28438
26448
28459
28448
26470
28480
20498
28500
28518
28520
285380
28544
20558

REM
REM
REM
REM
REM
REM
GOSUB
REM
Uls =
REM
REM
REM
NUY =
FOR I
FOR J
SL(I,J
SL(I,J
NEXT
NEXT
REM
REM
REM

EEXXXXRXXEXXXRXKER

<{{ SUB:SOIL >>>
EEXXXEXXXXRKXXRXXXX

GO SUB:TABLE(SW AREAS)
21248

"TONS/YEAR"

<<{< UNIVERSAL SOIL LOSS EQUATION 23>

é

= 1 TO NRA

= 1 TO NU4

) = RF ¥ KF(l,J)> ¥ LFCI,J> ¥ SFC(I,J) ¥ CF(1,J) ¥ PFCI, D
) = SL(I,J ¥ LARCI,D

J

I

{{< GO SUB:TABLE(SOIL LOSS) >>>

GOsSUB 21546

REM
REM
REM
FOR 1
FOR J

DD(1,J
NEXT
NEXT
REM
REM
REM

<{{< DELIVERED SOIL >>>

1 TO NR%

1 TO NUX

> = SL(I,d) ¥ SD(I,N
J

1

<{< GO SUB:TABLE(DELIVERED SQIL) 22>

GOsSUB 21498

REM
REM
REM
Gosue
REM
REM
REM
REM
REM
REM
FOR 1
ARl = @
FOR J
Al = A
NEXT
sacI
MNEXT
REM
REM
REM

{{< GO SUB:LAND USE >>>
22418

<{<{ SUB-WATERSHED SOIL L0OSS >>>

<<< TONS/YEAR 33>
= 1 TO NR%

= 1 TO NUX

1+ SLCI,D

J
= At
I

{{<{ GO SUB:TABLE(SW SOQIL LOSS) >>>
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26548 GOSUB 22618

28578 REM

2058@ REM <{{{SUB-WATERSHED DELIVERED SOIL >>>
28590 REM

284888 REM

20818 REM CCC TONS/YEAR 222

28428 REM

285638 FOR I = 1 TO NR%

28448 Al = 8

28858 FUR J = 1 TO NUx

28848 Al = Al + DD(I, D
26678 NEXT J

286488 DACI) = At

20690 NEXT 1

28788 REM

28718 REM <<{{ GO SUB:TABLE(SW DELIVERED SOIL)> >>>
28728 REM

286738 GOSUR 22156

28748 REM

20756 REM <<{ TOTAL SOIL LOSS >>>

28748 REM

2877@ REM

28788 REM {<{< TONS/YEAR >>>

28798 REM

26888 TD = @

26818 FOR I = 1 T4 NRX

20828 TD = TD + SQ<CI)

28838 NEXT 1

28848 PRINT "TOTAL SOIL LOSS": PRINT ?
286845 TD = INT (18 ¥ TD + .5 ~ 1@

28858 POKE 34,11: PRINT TD;" TONS/YEAR": PRINT

28848 REM

28878 REM << TOTAL DELIVERED SCOIL 2>>>
268806 REM

288%8 REM {{{ TONS/YEAR 32>

20908 REM

20918 TR = @

26928 FOR I = 1 TO NRX

20938 TG = T + DACID

208948 NEXT I

28958 PRINT “TOTaAL DELIVERED SOIL": PRINT
28955 TQ = INT (18 ¥ TQ@ + .5 / 18

20948 POKE 3&8,11: PRINT TQ;" TONS/YEAR": PRINT : PRINT : PRINT
26978 RETURN

20988 REM  XXXXXXXXAXAXKEXXEEXXX

28958 REM SUB:NITROGEN

21808 REM  XXEXXXXXXAXXXAXXXXAXH

21816 REM

21828 REM {<{< GO SUB:NITROGEN(EROSION) >2>2>

21830 REM .
zZigd4e GOSUB 23146

21956 REM

21048 REM {{<{ GO SUB:NITROGEN(RAIN) >>> z
21876 GOSUB 23370

21888 REM

21898 REM {<{{ GO SUB:TABLE(LU TOTAL NITROGEN) 22>

21188 REM

21118 GOSUB 23736

211280 REM

21136 REM {{{ GO SUB:TABLECSW TOTAL NITROGEN > >2>
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21148 GOSUB 23978

21158 REM

21155 Al = 8

21168 REM  ¢<< TOTAL NITOGEN »>>

21178 FOR I = 1 TO NR%

21188 A1 = Al + NST(D)

21198 NEXT I

21200 TN = Al

21218 PRINT "TOTAL NITROGEN FORWATERSHED =";TN: PRINT

21215 PRINT : PRINT

21228 RETURN

21238 REM XXXXXXXXXXXEXNX

21248 REM SUB: TABLECSW AREA)

21250 REM XXXXXXXXRAXEXXEF

21268 PRINT : PRINT "¥%% SUB-WATERSHED LAND USE AREAS %XX ": PRINT
21278 PRINT * UNIT= ACRES": PRINT

21288 PRINT "SW®;: POKE 36,17: PRINT "FOREST";: POKE 36,28: PRINT "PA
STURE" ;: POKE 36,39: PRINT "HAYFIELD";: POKE 36,58: PRINT "CONV CROP";
: POKE 36,41: PRINT "MIN TILL";: POKE 36,72: PRINT "IDLE"

21298 FOR I = I TO NRX

21388 PRINT 1;

21318 K1 = 7

21320 NU% = &

21338 FOR J = 1 TO NU%

21348 Ki = K1 + 11

21358 POKE 36,K1: PRINT LARCI,J) ;

21348 NEXT J

21378 PRINT

21380 NEXT I

21398 POKE 34,17: PRINT “LOW DEN®;: POKE 36,28: PRINT "LOW/MED";: POK
E 36,39: PRINT "MED DEN";: POKE 36,5@: PRINT "HIGH DEN";: POKE 3&,61:
PRINT *COMMERCIAL"

21488 FOR I = 1 TO NRX

21420 K1 = 7

21438 FOR J = NUZ + 1 TO NCX

21448 K1 = K1 + {1

21458 POKE 36,K1: PRINT LARCI,J) ;

21448 NEXT J

21478 PRINT

21488 NEXT 1

21485 PRINT : PRINT

21498 RETURN

. 21588 REM  XXXXXXXXXXXNXXRX

21518 REM  SUB:TABLE(SOIL LOSS)

21520 REM XX¥XXXXXXXXXXXXX

21338 REM

21548 T1$ = "SOIL LOSS TABLE"
21558 REM

21588 REM <{< GO SUB:TABLE1 25>
21578 REM

21588 FOR I = 1 TO NRZ

21598 FOR J = 1 TO NUX

21600 UV(I,Jd) = INT (18 ¥ SL(I,0 + .5 / 16
218180 NEXT J

21828 NEXT 1

21638 GOSuUB 21836

21848 RETURN

21830 REM XXXEXEXEXXEXXXEXH

218648 REM <(SUB:TABLE(DELIVERED S0IL) >>
215878 REM XEXXEXXREAERXREXRXX

1ol



21888 REM
214898 Ti1$ = "DELIVERED SOIL TABLE"
21760 REM
21718 REM <(<{ GO SUB:TABLE! >>>
21720 REM

21738 FOR I = 1 TO NR%

21748 FOR J = 1 TO NUx

21758 WI(I,Jd> = INT (18 X DD<I,J> + .5 / 18
21788 NEXT J

21778 NEXT 1

21788 GOSUB 218389

21798 RETURN

218880 REM XXXXXXXXXEXXXXX

21816 REM SUB:TABLE: 1

218280 REM X¥XXXXXXXXXXXXX

21838 HOME

21848 PRINT " XXXXX ";TIe;" XXXXX": PRINT
21858 PRINT " ("sUls;" >": PRINT

21848 PRINT "SW";: POKE 36,17: PRINT "FOREST";

POKE 36,28: PRINT "PA

STURE" ;: POKE 36,39: PRINT "HAYFIELD";: POKE 36,5@8: PRINT "CONV CROP";
: POKE 36,81: PRINT "MIN TILL";: POKE 36,72: PRINT "IDLE"

21878 FOR I = 1 TO NRX

21888 PRINT I;

21898 K1 = 7

219886 FOR J = 1 TO NUZ

21918 K1 = K1 + 11

219286 FOKE 3&,K1: PRINT UVC(I,J);
21938 NEXT J

21948 PRINT

219258 NEXT I

21955 PRINT : PRINT

21968 RETURN

21978 REM ¥XXXXXXXXXEXXR

21986 REM SUB:TABLE(SW SOIL LOSS
21998 REM  XXXXXAXXXXXXXXX

22080 REM

22618 Ti$ = “SUB-WATERSHED SOIL LOSS °

22828 REM

22838 REM <{<{<{ GO SUB:TABLEZ >>>
22040 REM

22658 FOR I = 1 TO NRX

22048 UV(I, 1) = INT (18 ¥ SQ{I> + .5) / 10

228678 NEXT 1

22888 GOSUB 2227@

22098 RETURN

22180 REM XEXXEXXXXXXXXXXK

22116 REM SUB:TABLE(SW DELIVERED SOIL)

22128 REM XXXXXXXXXEXXKXX
22138 REM
22148 REM <{< GO SUB:TABLEZ2 >>>

22158 T1$ = “SUB-WATERSHED DELIVERED SOIL *

22148 REM

22178 REM << GO SUB:TABLEZ >>>
22188 Ul$ = "TONS/YEAR"

22198 FOR I = 1 TO NRX%

22280 UW(I, 1) = INT (1@ ¥ DECIY + .3 / 18

22218 NEXT 1

22228 GOSUB 22276

22238 RETURN

22248 REM XXXXXXXXXEXXKXX
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22258 REM SUB:TABLEZ2

22268 REM  XXXXXXEAXXXRXEXX

22278 HOME

22288 PRINT * XXXXX ";Tid;" XXXXX": PRINT
22298 PRINT "SUB-WATERSHED" ,Ui$: PRINT

22388 FOR 1 = § TO NRX

22318 POKE 36,12: PRINT Ij;: POKE 34,32: PRINT UV(I,D)
22328 NMEXT 1

22325 PRINT : PRINT

22338 RETURN

22348 REM XEXXXXXXEXXXXXEX

22358 REM SUB:LAND USE

22388 REM  XXXXXXXAXXXEXXXX

22378 REM

22388 REM <<LKTOTAL SOIL LOSS BY LAND USE 232
22398 REM

22408 REM <{<{ TONS/YEAR 33>

22418 FOR J = 1 TO NUX
22428 Al = @
22438 FOR I = 1 TO NRX

22448 A1 = Al + SL(I D

22450 NMEXT 1

22448 LLGJ) = Al

22478 NEXT J

22486 REM

22498 REM {<{ GO SUB:TABLECLU SOIL LOSS ) >>>
22580 REM

225186 GOSUB 22748

22328 REM

22538 REM << TOTAL DELIVERED SOIL BY LAND USE >>>
223498 REM

22358 REM
22568 REM <{<{ TONS/YEAR 33>
22578 REM

22588 FOR J = 1 TO NUX

22598 Al = @

22608 FOR I = 1 TO NRX

22418 A1 = A1 + DDC(I D

22820 NEXT I

226368 LD(J) = Al

22648 NEXT J

22458 REM

22448 REM {{<{ GO SUB:TABLE(LU DELIVERED SOILY >>>
22678 REM

22688 GOSUB Z301@

22698 RETURN

22788 REM XXXXXXXXXXEXXXX

22718 REM SUB:TABLE(LU SOIL LOSS)
22720 REM XXXXXAXXXXEXEXX

22738 REM

227486 T3% = "TOTAL SOIL LOSS BY LAND USE"
22738 REM

22748 REM <<<{ GO SUB:TABLE3Z 2>2>>

22778 REM

22786 FOR J = { TO Nux

22798 UWW(L, 0 = INT (18 ¥ LL(O + .5 / 10

22888 NEXT J

228186 GOSUB 22846

22828 RETURM

22838 REM XXXXXXXXXNEXAXXX
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22844
2285a
228648
22878
22880
22898
229006
22918
22920
22923
22930
22944
22956
229480
22978
22988
22998
23600
2zale
23820
23836
23048
23856
23869
23678
230888
238986
23189
23118
23126
23138
23148
23150
23148
23178
23188
231986
232048
23218
23220
23238
23244
23258
232489
23279
23288
23298
23300
23314
23328
23336
23348
23354
23348
23374
23388
233%4@
234040
234186
23420

REM SUB:TABLES3

REM XXXXXXXXXXXXXXX

HOME _

PRINT " XXX ";T3%;" ¥X%%": PRINT

PRINT SPC( 18) ;Ul$: PRINT

FOR J = 1 TO NUZ

PRINT SW$C(JI) ;" = ";UMCL, D

NEXT J

PRINT

PRINT : PRINT

RETURN

REM XXXXXXXXXXXXX

REM SUB:(TABLE(LU SOIL DELIVERED)

REM ¥XXXXXXXXXXXX

REM

REM

REM <<{ GO SUB:TABLE3 >>>

REM
T3% = "TOTAL DELIVERED SOIL BY LAND USE"
U3% = "TONS/YEAR"

FOR J = 1 TO NUX
uv(l,dy = INT (1@ ¥ LD(J) + .5 / 18
NEXT J
GOsSuUB 22840
RETURN
REM XXXXXXXXXXRXEXRXEXKKXREXXX
REM SUB:NITROGENCEROSION)
REM  XXXEXXXEXEXXXXERXRXXXKXXXX
REM
REM <{{< BY LAND USE >>>
REM
REM {<{{ POUNDS/YEAR 22>
REM :
AD = 26
FOR J = 1 TO NU%
NLECJ) = AD X LD(J) ¥ RC(1) X RC(2
MEXT J '
REM
REM {<{ BY SUB-WATERSHED 23>
REM
REM {<{<{ POUNDS/YEAR 22>
REM
FOR I = 1 TO NRX
NWS{I) = AD ¥ DR(I) ¥ RCC1) %X RC(2D
NEXT 1 '
RETURM
REM  XXXXXAXXAXXXXAXAKEXXAXXXX
REM SUB:NITROGEN(RAIN)
REM XXEXXAXEXXEXXXXXRXXXERXX
REM
REM {{{ BY LAND USE 23>
REM
REM {<{{ POUNDS/YEAR 2>>>
REM
AD = 20:B1 = .73
REM
REM {{{ FIND LAND USE AREAS 22>
REM
FOR J = 1 TO NUZ
Al = 8
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23438 FOR I = | TO NRX

23448 Al = Al + LARI D

23458 NEXT 1

23460 LUCT = Al

23478 NEXT J

23488 FOR J = 1| TO NUX

23498 NGR(J) = LUCJ) ¥ RC(3) ¥ RC(4) % .73 / RC(D
23588 NEXT J

23518 REM

23528 REM <<< BY SUB-WATERSHED >>>
23530 REM

23548 REM <<{<{ POUNDS/YEAR 22>
23556 REM

23546 REM <{{< FIND SUB-WATERSHED AREAS >>>
23576 FOR I = 1 TO NR4

23586 Al = @

23398 FOR J = 1 TO NUX

23488 Al = Al + LARCI,D

23618 NEXT J

23628 LWC(I) = At

23638 NMNEXT I
23848 FOR 1
234368 NPR(ID
23848 NEXT 1
23478 RETURN
23688 REM XXXEXXXXXXAXXXXEXXXXRX

1 TO NRX
LWCI> ¥ RC(3) ¥ RC(4) X .73 / RC(D

23698 REM SUB:TABLE(LU TOTAL NITROGEN)
23708 REM XXXEXXXXXAXXAXAXEXXEAXEX
23718 REM

23728 REM <{<{< FIND TOTAL NITROGEN BY LAND USE >>>
23738 FOR J = 1 TO NUZ

23748 NTL(JI) = NLE(J> X RC(&) X NQR(D

23758 NEXT J

237468 REM <{<{< GO SUB:TABLE4 >>>

23778 T4$ = "TOTAL NITROGEN BY LAND USE"

23788 U4% = "POUNDS/YEAR"

23798 GOSUB 23850

23818 RETURN

23828 REM XXXXXXXXXXAXXXXEXXRXXX

23838 REM SUB:TABLE 4

23848 REM XXXXXXXXXEAXXXXXXXXX

23858 PRINT "%¥XX ";T4%;" XX%¥": PRINT

23868 PRINT "UNITS= "j;Ud4%: PRINT

23878 PRINT "LAND USE";: POKE 36,32: PRINT "TOTAL NITROGEN"
23888 FOR J = 1 TO Nux

23885 NTL(J> = INT (i@ X NTL(D + .5 / 1@

23898 PRINT SW$(J) ;: POKE 36,37: PRINT NTL(JD

23968 NEXT J

23985 PRINT : PRINT

23918 RETURN

23920 REM XXEXXEXXXXAXXXXAXRH

239368 REM SUB: TABLE(SW TOTAL MNITROGEN)

23940 REM XXXXXXXXAXXAEXAXXXNEXXX

23958 REM

23988 REM <{< FIND TOTAL NITROGEN BY SUB~WATERSHED >>>
23978 FOR 1 1 TO NR%

239868 NST(D MNWSCI) X RC(& X NPR(D

23999 NEXT I ,

29888 REM

24818 REM <({<{ GO SUB:TABLES >>>
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24828 REM

24038 TS$% = "TOTAL NITROGEN BY SUB-WATERSHED"

24848 US$ = "POUNDS/YEAR" .
24856 GOSUB 24166 :
24868 RETURN

24878 REM EXXXXXXXEXXAXXEERER :
24888 REM SUB:TABLES

24898 REM EXXXXXXXXXXXXXXXRXXX

24188 PRINT "XX¥ ";T3%;" XXx": PRINT

24118 PRINT "UNITS = ";U4%: PRINT

24128 PRINT "SUB-WATERSHED";: POKE 36,32: PRINT "TOTAL MITROGEN "

24128 FOR I = 1 TOQ NRX
24135 NSTC(I)» = INT (18 ¥ NST(I) - .S / 1@
24148 PRINT " "31;: POKE 36,37: PRINT NST(ID)

24158 NEXT 1

24148 PRINT

24178 RETURN

24186 REM XE¥EXXXXXXXXEXXXXXEXKXEREXXR
24198 REM ¥ SUB: PHOSPHOROUS ¥
242808 REM  XEXXXXXXXXXEXXXXXXXRXXXX

24219 REM
24228 REM

24238 REM  <<< BY LAND USE >>>

24248 REM

24258 REM <<< POUNDS/YEAR >>>

24268 REM )

24278 AD = 26
242880 FOR J = 1 TO NUX -
24298 PL(JY = AD X LDC(J> ¥ PC(1) ¥ PC(2) ¥ PC(3 g
24388 NEXT J

24318 REM
243286 REM <{{<{ BY SUB~WATERSHED 2>>>
24338 REM '

24348 FOR I = 1 TO NRX%
24338 PWCI) = AD X DAC(I) % PCLL) ¥ PC(2) ¥ PC(D
24388 NEXT I

24378 REM

24388 REM {{{ PRINT TABLES 3>>>

24398 REM

24488 REM

24418 REM <{{<{ GOsUB:TABLE(LU TOTAL PHOSPHOROUS )
24428 REM

24438 GOSUB 245560

24448 REM

24458 REM ¢{{ GOsSUB: TABE(SW TOTAL PHOSPHOROUS >
24468 REM

24478 GOSuUB 247560

24472 REM <{{{ TOTAL PHOSPHOROUS >>>

24474 Al = @

24478 FOR 1 = 1 TO NRX

24478 Al = Al + PW(D

24488 NEXT I

24482 TP = Al

24484 PRINT "TOTAL PHOSPHOROUS FOR WATERSHED = ";TP: PRINT : PRINT
PRINT

24486 RETURN

24450 REM XXXXEXXEAXXXAXXEXXEXXXXX

245668 REM ¥ SUB:TARBLE(LU TOTAL PHOSPHOROUS »
243518 REM  XXXXEXXXAXAXXXXXXXXXXAXXXXXXRKXXX
24528 REM .
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24538 REM {<{{ GOSUB:TABLE & >>>

24348 REM

245568 T&% = "TOTAL PHOSPHOROUS BY LAND USE"

24568 Uss = "POUNDS/YEAR"

24576 GOSUB 24420

24580 RETURN

29528 REM EXXEXXXXRAXXXXEXEXAEXKXX

29488 REM X SUB:TABLE & ¥

24418 REM XXXXXXXXXXXXKXXEXXXEXX

24628 PRINT "XX%"3;T&%;" %X%XX": PRINT

24438 PRINT “"UNITS = ";U&$: PRINT

24448 PRINT "LAND USE"j;: POKE 36,32: PRINT "TOTAL PHOSPHOROUS"
24658 FOR J = 1 TO NUX

24455 PL(JY = INT (18 x PL(J + .3 / 18

24448 PRINT SW#(J)y;: POKE 34,37: PRINT PLCD
248678 NEXT J

246735 PRINT : PRINT

24488 RETURN

24678 REM XXXEXAXXAXEXXXXXXEXAEKKXX

24708 REM X SUB: TABLEC SW TOTAL PHOSPHOROUS »
29718 REM XEXXXERXXXEXEXEXXEXXEREREEXXERXAEXEXXEX

24728 REM
29738 REM {{{ GOSUB: TABLE 7 >>>
249748 REM

24756 T7$ = "TOTAL PHOSPHPROUS BY SUB-WATERSHED "
24740 U7$ = "POUNDS/YEAR"

24778 (GOSUB 24820

24788 RETURN

247980 REM XXXXXXXXAXEXAEXXEEXXXAXXX

24808 REM ¥ SuB: TABLE 7 ¥

24818 REM  XXXXXXXXXXXXXXXXXAX

248280 PRINT "X¥XX";T76;" X%X": PRINT

24838 PRINT "UNITS = ";U7%: PRINT

24848 PRIMT "SUB-WATERSHED";: POKE 34,32: PRINT "TOTAL PHOSPHOROUS"
248580 FOR I = 1 TO NRX

24855 PW(I) = INT (18 ¥ PW(IY + .3 / 1@

248468 FPRINT I;: POKE 38,37: PRINT PWC(I)

24878 NEXT 1

24873 PRINT : PRINT

24888 RETURN

24898 REM XXEXXEXXAXEXXXEXREXXXAXEXKRXX

24988 REM X SUB: ORGANIC MATTER X

249168 REM XXEXEXEXXXXXXXXAXEXXAXEXXX

24928 REM

24938 REM :

24948 REM {<{< BY LAND USE >>>
24938 REM

24948 REM {<< POUNDS/YEAR 223
24978 REM

24988 AD = 2Z8

24998 FOR J = 1 TO NUX

25060 ML(J) = AD % LD(I) ¥ OM(1) X OM(2
25818 NEXT J

25628 REM
25838 REM {<<{ BY SUB-WATERSHED >3>>
25848 REM

25658 FOR I = 1 TO NR%

25848 MW(IY = AD % DACIY ¥ OM(1) X OM(2
25878 NEXT 1

25888 REM
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25678

REM €<< PRINT TABLES >>>

25188 REM

25118 REM

25128 REM {<{{ GOSUB: TABLEC(LU ORGANIC MATTER) 22>

25138 REM

251498 GOSUB 2524@

25158 REM

25168 REM {<< GOSUB: TABLE(SW ORGANIC MATTER >

23178 REM

25188 GOSUB 25456

23182 REM <{{ TOTAL ORGAMNIC MATTER FOR SUBWATERSHED >2>>

25184 Al = 8

25184 FOR I = 1 TO NR%

23188 Al = Al + MWD

25198 NEXT 1

25122 TR = Al

25194 PRINT "TOTAL ORGANIC MATTER FOR WATERSHED = ";TR: PRINT : PRINT
: PRINT

251984 RETURN

25200 REM XXXXXXEXXXXXXXXEXEXAXAEXRXNXK

25218 REM ¥ SUB: TABLE(LU ORGANIC MATTER ? X

23228 REM FEEXXRXRXAXXXEXXRXRRAXERRARRAXEXXNREREXRX

25238 REM

25248 REM <K< GOSUB:TABLE 8 23>

25258 REM

25240 T8% = "TOTAL ORGANIC MATTER BY LAND USE"

23270 UB8% = "POUNDS/YEAR"

25288 GOSUB 253360

23298 RETURN

25300 REM  XXXXXXXXXEXAXAXAXXXXXRXXXX

25318 'REM ¥ SUB:TABLE 8 ¥

25320 REM XXXXXXXEXXXXXXXXERX

25338 PRINT "X%XXX*;T8%;" XXX": PRINT

25348 PRINT "UNITS = ";U8%: PRINT

233580 PRINT "LAND USE";: POKE 346,32: PRINT " TOTAL ORGANIC MATTER®

25348 FOR J = 1 TO NU%

25343 OL(JY = INT (18 ¥ OL(D + .5 / 18

25343 MLC(I = INT (18 %X ML<JY + .5 /7 1@

25378 PRINT SW$(J);: POKE 36,27: PRINT ML(D

25388 NEXT J

23386 PRINT : PRINT

25387 RETURN

2353980 REM EXEXXXXXXXXXXEXEEXXNXXRXXREEX

25488 REM ¥ SUB:TABLE(SW TOTAL ORGANIC MATTER) X

25418 REM XXXXXXEXEXXARRXREXXRRENXEXREXAREXXRKXAXKX

254928 REM

25438 REM {{<{ GOSUB:TABLE ¢ >>>

254498 REM

25458 T9¢ = "TOTAL ORGANIC MATTER BY SUB-WATERSHED"

25448 UP% = "POUNDS/YEAR"

25478 GOSUB 25530

25498 RETURN

23508 REM XXXXXXXRXXXXXAXAXRXXXEXXXX

25518 REM ¥ SUB: TABLE ¢ X

255280 REM EXEXEXXAXXXXARRXXXXX

253538 PRINT "¥%%X"3;T?H3;" %%X%X": PRINT

23348 PRINT "UNMITS = ";U9?%: PRINT

25358 PRINT "SUB-WATERSHED" ;: POKE 36,32: PRINT "TOTAL ORGAMICMATTER®

25548 FOR I = 1 TO NR4
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253563 MWCIY = INT (1@ x MWDy + .3 / 18

25578 PRINT Ij3: POKE 3&,37: PRINT MWC(ID

25588 NEXT 1

23585 PRINT : PRINT

25598 RETURN

25808 REM XXXXXEXXXXXXXXAEXXXXXXX

23418 REM ¥ SUB: LOADING FACTOR CALCULATIONS ¥
25628 REM XEXXXEXXXAEAXXXEAXEXAXXRXAXEXXXEXXXRXEXXEXX

23625 REM

25438 REM <{< BY LAND USE AND SUBWATERSHED 202
235632 REM

23434 GOSUB 24584

25636 REM

23648 REM << BY LAND USE 32>

25858 REM

23668 REM CALCULATE POLLUTANT LOADINGS
25678 REM

23688 FOR M= 1T0 &

254698 FOR J = 1 TO NCA

25788 Tn = @ '

25718 FOR I = 1 TO NR%

25728 TA = TA + LAR(I, I
25738 NEXT 1

25748 PM(M,J> = HF(M,J) ¥ ThA
25758 NMNEXT J

25788 NEXT M

25778 REM
25786 REM PRINT POLLUTANT LOAD FOR EACH LAND USE
257986 REM

25888 PRINT "X¥X POLLUTANT LOADS USING LOADING FACTORS XXX": PRINT :

PRINT

25818 PRINT " BY LAND USE (POUNDS/YEAR)": PRINT

25828 FOR M= 1T0 6

25838 PRINT LF#(M) 3" : ": PRINT

25848 POKE 36,17: PRINT "FOREST";: POKE 36,28: PRINT "PASTURE";: POKE
38,3%: PRINT "HAYFIELD"j: POKE 38,50: PRINT "CONY CROP";: POKE 3&,61:

" PRINT "MIM TILL";: POKE 36,72: PRINT "IDLE"

258568 NUZ = é

25848 K1 = 7

23888 FOR J = 1 TO NUx

23883 K1 = K1 + {1

25885 PM(M,J> = INT (18 ¥ PM(M,J> + .2 / 1@

25898 POKE 36,K1: PRINT PM(M,J);

25918 NEXT J

25928 PRINT

25938 NEXT J

2394@ POKE 348,17: PRINT *LOW DEN";: POKE 348,28: PRINT "LOW/MED";: POK

E 36,39: PRINT "MED DEN"j;: POKE 36,58: PRINT "HIGH DEN";: POKE 36,61:

PRINT *COMMERCIAL"

25958 Kt = 7

25948 FOR J = NUX + 1 TO NCx

25942 K1 = K1 + 11

25945 PM(M,J) = INT (1@ ¥ PM(M,J) + .5 / 1@

25978 POKE 38,K1: PRINT PM(M,J);

23988 K1 = K1 + 11

24880 NEXT J

28818 PRINT

26020 NEXT M

26623 PRINT

24838 REM
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26846 REM <{{ BY SUB-WATERSHED >>>

24858 REM

24848 REM

24678 REM CALCULATE POLLUTANT LOADING
246888 REM

26898 FOR I = | TO NR¥

246186 FOR M = 1 TO 6

24118 PJ = @

26128 FOR J = | TO NCX

241238 PJ = PJ + HF(M,J> ¥ LAR(I,d

24148 NEXT J

26145 PICI M = PJ

26138 NEXT M

26188 NEXT 1

26178 REM

26188 REM PRINT POLLUTANT LOADS FOR EARCH SUB-WATERSHED
26198 REM

26218 PRINT "BY SUBWATERSHED (POUNDS/YEARY " : PRINT
26228 FOR I = 1 TO NRX

246230 PRINT "SUBWATERSHED "3l: PRINT

26248 FOR M = 1 TO 6

26245 PICI M)y = INT (1@ ¥ PICI,M + .5 / 18

26258 PRINT * ";LFe(M) ;: POKE 36,33: PRINT PICI,M
26268 NEXT M

26278 PRINT

26288 NEXT 1

26298 RETURN

26508 REM EXXXXXXXREAXXXRXXAKXEAREXXEXRXEXXNEAXXXK
26502 REM X SUB: BY LAND USE AMND SUBWATERSHED X
28584 REM EXXEXXAXXXEAXEXEXAXKRRENERXXEXXXREXXENK

26506 PRINT "¥%¥ POLLUTANT LOADS USING LOADING FACTORS X%%¥%": PRINT

PRINT
24588 PRINT “BY LAND USE AND SUBWATERSHED (POUNDS/ACRE) " :

26316 FORM =1 TO ¢

26312 PRINT LF$(M) ;" : ": PRINT
26513 FOR I = 1 TO NRA

243517 PRINT " SW: "j3;I: PRINT
265286 FOR J 1 TO NCx

24525 PAC(IY = HF(M,J) ¥ LARCI,!N
263538 NEXT J

28948 POKE 36,17: PRINT "FOREST";: POKE 3&,28: PRINT "PASTURE";: POKE
36,3%9: PRINT "HAYFIELD";: POKE 34,58: PRINT "COMNV CROP";: POKE 364,61:

PRINT "MIN TILL";: POKE 3&,72: PRINT "IDLE"
283558 NUAL = &
24955 KI = 7
26368 FOR J = 1 TO NUZ
26965 KI = K1 + 11
24570 PACI) = INT (198 X PACIH + .5 ~ 1@
28375 POKE 38,K1: PRINT PACJ);
26388 NEXT J
24985 PRINT

24598 POKE 36,17: PRINT "LOW DEN";: POKE 36,28: PRINT "LOW/MED";:
£ 36,3%: PRINT "MED DEN"j;: POKE 34,3508: PRINT "HIGH DEN "j;: POKE 36,61:

PRINT "COMMERCIAL"
26595 K1 = 7
26688 FOR J = NUX + | TO NCX
26605 K1 = K1 + 11t
248618 PACI) = INT (1@ X PA(I + .3) ~ 1@
284615 POKE 36,K1: PRINT PA(J ;
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28628
24825
26438
28435
264480

NEXT J
PRINT

NEXT 1
NEXT M
RETURN
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